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slightly larger than it was from the fall 
of 1959 to the fall of 1960. In the fall of 
1961 institutions with ECPD-accredited 
curriculums reported 31,438 students en- 
rolled for the master’s degree, 750 for 
other postgraduate predoctoral degrees, 
and 7,856 for the doctor’s degree. 

Women enrolled in engineering schools 
with one or more curriculums accredited 
by the ECPD continued to account for 
less than one percent of the total students 
in these curriculums. 

The proportion of the total undet 
graduate engineering students enrolled 
part-time and in evening school in insti 
tutions with ECPD-accredited curricu- 
lums is not large. In the past decade the 
annual fluctuated be 
tween 11.0 percent and 13.5 percent with 


proportion has 


no apparent indication that the propor- 
tion of the total represented by those 
enrolled part-time and in evening courses 
is increasing or decreasing At the 
master’s level the proportion of students 
enrolled in evening courses in engineet 

ing is very large and increased from last 
vear. Prior to this year, however, the pro 
portion has been decreasing. In the fall 
of 1951 nearly 6 out of 10 (58.2 percent 

of the students enrolled for the master’s 
degree in engineering were evening stu 
dents. This proportion had been decreas 
ing gradually from one year to the next 
until this vear when a slight rise ox 

curred. In the fali of 1961 less than half 
(43.3 percent) of the students enrolled 
for the master’s degree in engineering 
were evening students. In the early 
1950's between one-fourth and one-fifth 
of the students working for the doctorate 
in engineering were evening students. In 
the middle and late 1950's this propo 

tion decreased to less than one-fifth of 
the total, and in 1960 less than one-tenth 

9.3 percent) were evening students. In 
the fall of 1961, however, the proportion 
of students enrolled for the doctorate in 
engineering in evening school had in 
creased again and was 12.8 percent of 
the total. 

, The number of bachelor’s degrees con 
ferred by institutions with ECPD-accred 
ited curriculums during 1960-61 was 31, 
901—a decrease of 3.8 percent from the 
number conferred during 1959-60. This 
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is the second consecutive annual decrease 
reported in the number of first-level en- 
gineering degrees conferred. Analyses of 
recent enrollment figures indicate that 
there will probably be another drop in 
the number of bachelor’s degrees con- 
ferred in engineering next year. After 
that the trend is rather uncertain, al- 
though it appears that additional de- 
creases may continue. However, it is too 
early to definitely predict such decreases, 
because the trend could be offset by 
large numbers of students transferring to 
engineering curriculums from non-engi- 
neering curriculums, or increases in the 
proportion of students enrolled for an en- 
gineering degree who complete their 
program of study. 

Increases are still being reported each 
vear in the number of engineering de- 
grees conferred beyond the bachelor’s 
level. During the 12-month period end- 
1961, institutions with 
ECPD-accredited curriculums conferred 
8,084 master’s and other postgraduate 
pre-doctoral engineering degrees and 942 
doctor’s degrees in engineering. 


ing June 30, 


Total Engineering Enrollment 


Total engineering enrollment in the 
United States and its outlying parts in 
the 161 institutions with curriculums ac- 
credited by the Engineers’ Council for 
Professional Development declined from 
249,950 in the fall of 1958 to 240,063 in 
the fall of 1959 to 239,960 in the fall 
of 1960 and to 237,705 in the fall of 1961 

a total decrease of 4.9 percent in three 
vears. This decrease has been all the 
more significant, since degree-credited 
enrollment (“opening fall” enrollment) 
in all fields of study rose 19.4 percent 
during the same three-year period. From 
the fall of 1951 through the fall of 1957, 
enrollment in institutions 
with ECPD-accredited curriculums had 
been rising more rapidly than total de- 
gree-credit enrollments in other fields. 
institutions 
with ECPD-accredited curriculums had 
risen from 7.0 percent of all degree- 
credit enrollment in the United States 
and its outlying parts in 1951 to 8.4 per- 
cent in 1957. Since 1957, engineering 
enrollment in institutions with ECPD- 


engineering 


Engineering enrollment in 





356 JOURNAL OF 


accredited curriculums has decreased so 
that in the fall of 1961 they accounted 
for only 6.1 percent of all degree-credit 
enrollment. 


TABLE A 
ENROLLMENT OF ENGINEERING STUDENTS IN 
Instirutions Wirn ECPD-AccrepiTep Cur- 
RICULUMS, BY LeveL: FA.t or 1961 anv PeEr- 
CENT CHANGE FROM FALL or 1960 AND FALL oF 








1959 
Percent Change 
r Fall of 
Leve 
1961 1960! 1959 
‘ 237,705 0.9 1.0 
- 197 ,661 2 ;6 3.7 
ter 
: 32,188 5.3 +10.6 
| 7,856 +22.0 139.3 
| 
For enrollment f es see Table I. 
| le er pre-d toral 


Undergraduate Enrollment 


Undergraduate enrollment for institu- 
tions with ECPD-accredited curriculums 
decreased from 217,732 in the fall of 
1958 to 205,332 in the fall of 1959 to 
202,956 in the fall of 1960 and to 197, 
661 in the fall of 1961—a total decrease 
of 9.2 percent in three years. During the 
same three-year period the freshman en- 
gineering enrollment decreased 2.7 per- 
cent. 

Freshman engineering enrollments in 
institutions with ECPD-accredited cur- 
riculums are representing a decreasing 
proportion of the total number of first- 
time degree-credit students in all insti 
tutions. Freshman engineering students 
in institutions with ECPD-accredited 
curriculums accounted for 7.6 percent of 
all first-time degree-credit students in the 
fall of 1958, 7.0 percent in the fall of 
1959, 6.3 percent in the fall of 1960, and 
5.6 percent in the fall of 1961. 

In the fall of 1961, 12.7 percent of all 
undergraduate engineering students in 
institutions with ECPD-accredited cu 
riculums were enrolled part-time and in 
evening courses; comparable proportions 
for previous years were 12.8 percent in 
1960, 12.7 percent in 1959, and 13.5 
percent in 1958. 
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rABLE B 
UNDERGRADUATE ENGINEERING STUDENTS IN 
Instirutions Wirth ECPD-Accrepirep Cur- 
RICULUMS, BY LEVEL: FALt or 1961 AND PeEr- 
CENT CHANGE FROM FALL oF 1960 AND FALL oF 


1959 
t ¢ 

Nu ; 
Years | Ent 

Fa 

1961 1960 1959 

Undergra ite ta 197,661 ¢ Pe 
Ist yr 57,582 4 1.0 
2nd yr 42,138 ..5 
3rd yr 1 34 1 4.1 10.0 
ithy tud 34 ) 0 9.3 
Stl r 3 5 5 7.0 
" and 
5 1 
& ar 


Enrollment for Advanced Degrees 


In the fall of 1961, institutions with 
ECPD-accredited curriculums reported a 
10,044 students en 


rolled for advanced degrees In enginee! 


record number of 


ing. This number was 8.2 percent above 
the figure reported for the fall of 1960 
and 15.3 percent above the enrollment 
in the fall of 1959. Enrollment for the 
masters and other pre-doctoral degrees 
in institutions with ECPD-accredited 
curriculums totaled 32,188 in the fall of 
1961—an increase of 5.3 percent from 
the fall of 1960, and 10.6 percent trom 
the fall of 1959. For the first time in sev 
eral vears the proportion of students en 
rolled for the master’s degree and other 
pre-doctoral degrees Im engineering en 
56.7 pei 
61.5 percent in 1960, 58.8 


rolled In day courses dropped 
cent in 1961, 
percent in 
1958. 


1959, and 54.2 percent in 
Enrollment for the doctor's degree in 
institutions with ECPD-accredited cur 
riculums was 7,856 in the fall of 1961 


the largest number on record. This num 


ber was 22.0 percent above the numbet1 
1960, and 39.3 


percent above the 1959 figure. Evening 


reported in the fall of 


student enrollment for the doctor's de 


gree made up 12.8 percent of the total 


engineering enrollment at this level in 
1961, 9.3 percent in 1960, 16.3 percent 
in 1959, and 15.0 percent in 1958 
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First-Level Degrees 


During the 12-month period ending 
June 30, 1961, the 161 institutions with 
ECPD-accredited curriculums conferred 
31,901 first-level engineering 
(bachelor’s or first-professional degrees ) 
The year 1960-61 marks the second con- 


degrees 


secutive year that there has been a de 
crease in the number of first-level engi- 
neering degrees conferred. The first-level 
engineering degrees conferred by insti- 
tutions with ECPD-accredited curricu 
lums represented 8.4 percent of the total 
number of first-level degrees conferred 
by institutions of higher education dur 
ing 1959-60, and 13.0 percent of the 
total number conferred on men. Total de 
gree data are not yet available for the 
year 1960-61; however, it appears that 
when these figures bec ome available both 
of the above percents will be lower than 
they were for 1959-60 


Advanced Degrees 


During the 12-month period ending 
June 30, 1961, the number of master’s 
and the number of doctor’s degrees con 
ferred in institutions with ECPD-accred 
ited curriculums reached an all-time high 


During the 12-month period master’s 
and other postgraduate pre doctoral en 
gineering degrees were conferred by 133 
Masters and_ other post 


pre doctoral 


institutions 
graduate engineering de 


grees conferred by institutions with 
ECPD-accredited curriculums constituted 
10.3 percent of the estimated total num 
ber of degrees conferred at this level by 
institutions of higher education, and 15.0 
percent of the number conferred on men 
One year earlier ECPD-accredited insti 
tutions conferred 9.6 percent ot the total 
number of master’s level degrees and 
14.0 percent of the number conferred on 


men 


During this same 12-month period, 67 
institutions with ECPD-accredited cu 
riculums conferred 942 doctor's degrees 
In engineering These degrees constituted 
9.0 percent of the estimated total num 
ber of doctor's degrees conferred in all 
fields of study, and 10.0 percent of those 
conferred on men in all fields of study 
One vear earlier, institutions with ECPD 
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accredited curriculums conferred 8.0 per- 
cent of the total number of doctor’s de- 
grees conferred and 8.9 percent of those 
conferred on men. 


TABLE C 
ENGINEERING Decrees ConFerRED BY INSTI- 
ruTIoNs witH ECPD-Accrepirep CurrIcuLUMS 


Number Per Cent 
e€ | inge tror 
rred 12-Mont! 
During Period 


nt I ‘ 











Period 
Ending 
June 30, ne 30,\June 30, 
1961 1960 1959 
First-profe ynal 31,901 3.8 5.3 
Master legrees! 8, O84 +13. 4 20.2 
Sarbes legree 94? 19.8 31.9 
id € 1 ry 1 ee 
t r € able I 


Major Fields of Study 


During the 12-month period ending 
June 30, 1961, approximately two-thirds 
of the degrees conferred in engineering 
were in three major fields — electrical, 
mechanical, and civil engineering. At the 
level, 
30.0 percent were in electrical engineer- 
ing, 23.9 percent in mechanical engineer- 
ing, and 15.8 percent in civil engineer- 
ing. At the master’s 


pr stgraduate 


bachelor’s and __first-professional 


(including other 
level, 29.4 
percent were in electrical engineering, 


pre doctoral 


16.9 percent in mechanical engineering, 
and 15.0 percent in civil engineering. At 
the doctor's level 26.5 percent were in 
electrical engineering, 18.2 percent in 
chemical engineering, and 12.4 percent 
in civil engineering. A comparison of 
these percentages with corresponding 
figures for the preceding year shows no 
essential change at either the first pro- 
including other 
pre-doctoral) levels. At 
the doctor’s level, civil engineering has 


fessional or master’s 


postgraduate 


replaced mechanical engineering as the 
third ranking major field. 


Notes 


The data contained in this report are 
based on a survey of engineering schools 
and colleges made in October 1961. un- 
der joint sponsorship of the U. S. Office 
of Education (USOE) and the American 


Continued to page 371 
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Society for Engineering Education 
ASEE 
ment reached by a joint committee of 
the USOE and ASEE, all institutions 
listed in the Office of Education Directory 
of Higher 
the conferral of degrees in engineering 
during 1960-61 


nish data len 


In accordance with an agree 


Education! which reported 
were requested to fu 
Canadian institutions 
were also invited to participate in the 
study. This survey collected enrollment 
and degree data for all institutions with 
one or more ECPD-accredited curricu 
lums, 84 other United States institutions 
} of which offer postgraduate traming 
only and 10 Canadian institutions 

{s proposed bv the joint ASEE-USOI 
Committee, and approved by the ASEE 
the detailed statistical 
tables in this report which follow the 


present text list individually only those 


General Council 


institutions (eligible for active institu 
tional membership in ASEE) in which 
at least one curriculum has been ac 
credited by ECPD: but the tables con 
tain summary totals for othe: engineering 
schools in the United States 
Canadian institutions 


ind also fon 


Requests for the data upon which this 


report is based were directed to the 
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registrars of the institutions concerned. 
The Office of Education appreciates the 
splendid cooperation of these officials, as 
reflected by 100 percent response. 
Period covered: Engineering schools 
were asked to report student enrollment 
for the fall 1961. Degree data are for the 
period July 1, 1960, to June 30, 1961. 


Undergraduate students: Institutions 
were requested to report by class level 
only those students enrolled definitely as 


’ 
candidates for an engineering degree. 


Graduate students: Institutions were 
requested to report “all students who 
have been admitted to formal graduate 
standing and are enrolled in graduate 
courses for an advanced degree, regard 
less of the number of credit hours car- 
ried by the student, and regardless of 
whether the student’s work is admin 
istered by the engineering college or the 


graduate school.” 


Directory of Higher Education, 1960-6] 
Part Ill, Higher Education (U. S. Office 
of Education 

Earned D« vurees Conferred in Higher 
Educational Institutions, 1960-61 to be 
published in the near future, U. S. Office 
f Education 








ASEE Audit Report 
For the Year Ended June 30, 1961 


FILBEY, ANDREWS & FILBEY 


Certified Public Accountants 
Champaign, Illinois 
September 19, 1961 
Executive Board 
American Society for Engineering Education 
Urbana, Illinois 


Gentlemen: 


In accordance with your instructions we have made an audit of your records for the 
year ending June 30, 1961, and are now submitting our report. Our examination was made 
in accordance with generally accepted auditing standards and accordingly included sucl 
tests of the accounting records and such other auditing procedures as we considered neces 
sary in the circumstances. 

Following past practice, inventories of Society publications are not included in the 
balance sheet. The costs of publication have been charged to operations in the year of 
printing. 

Our examination excluded those accounts of special divisional activities for which the 
divisions are solely responsible. 

In our opinion, the accompanying balance sheets and statements of income, of changes 
in special project balances, and of changes in surplus accounts present fairly the financial 
position of the American Society for Engineering Education at June 30, 1961, and the result 
of its operations for the year then ended, in conformity with generally accepted accounting 
principles applied on a basis consistent with that of the preceding yea 


Very truly vours 


Finpey, ANDREWS & FILBEY 
Certified Publi Accountants 


CURRENT FUND 
BALANCE SHEET 
June 30, 1961 


Assets 
Cash: $ 21,84 
Investments: ; 
Savings Account $ 77,54 
U. S. Government Notes and Bills (market value $102,422.34 
at cost 101,174. 
Accounts Receivable: 
Advertising 2,031.10 
Dues 1,500.0 
Sponsors of Awards 2,367.11 89% 
Advances to Project Chairman and Institution 2,802.8 
Prepaid Postage and Travel 1,075.00 
Publications and Equipment—Nominal Value 2.00 
Total Asset $210,348.1 
312 Jrl. Eng. Edue., V. 52, No, 6, Feb., 1962 
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Liabilities and Surplus 


Accounts Payable and Accrued Expen $ 11,379.21 
Amounts Collected in Advanc 

Du $ 2,480.35 

Proceeding 225.13 
Award Committees’ Exper Allowan 828.16 


| 

Fellow hip 50.00 3,583.64 
Unexpended Balances of Special Project see Schedule 1—generally not 

available tor Society operation 72,899.95 

Surpl 

R { Specia P ). 480.54 

R r Eng ( R ( 455 80 

Re Emer 101,576.01 

Unappropriated Surplu 5.973.02 122,485.37 


Portal Liabilit ind Sur] $210. 348.1 


Statement of Income 


For the Year Ended June 30, 1961 


Difference 
Fave rable 
Incon {ctual Budget Unfavorable 


Current Du Individual & 75,690.80 & 74,600.00 - 1,090.86 
Current Du Institut 19,646.50 20,300.00 653.50 
Back D 079.1 1, 300.00 779.10 
Advertising »8 903.22 32, 500.00 3,596.78 


Teaching Ad 3,224 OF 2,900.00 324 00 


In ind Div | 6.576.( 00 00 1. 576.01 
Subsceri I | 5,317.72 §,720.( 402.28 
Pu a 2,035.38 1.500.00 535 38 
M ia 209.08 200. Of 9.05 
Rec Ind ( 2,909. 38 2,909.38 


Votal Incon 146,591. 1¢ 144,020.00 2,571.16 
rs 


Expen See Sched 134,317.55 134,020.00 297.55 
Vet Income 12,273.61 10.000.00 S 9:973-6) 
4ddition t Fn ve? k 11.5/7¢ Ol 10,000.00 


Vet J "he tdded l f taled f s 69 60 § 0.00 
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Statement of Changes in Surplus Accounts 
For the Year Ended June 30, 1961 


Reserve for Special Projects 


Balance July 1, 1960 


Add: 


Balances in Projects Closed Out During the Year: 


Humanistic—Social Research Follow-Up $ 20. 26 
Committee on Development of Engineering Faculties —1959-60 288.2 
Teacher—Learning Problems 350.00 
Research in Teaching of Engineers 1,228.43 
Subtotal 1,810.42 
One-quarter of salary of Secretary for administration of 1961 
320.3 


Summer Institutes 


Balance June 30, 1961 $ 9,480.54 
Reserve for Engineering College Research Council 
4 4 g 
Balance July 1, 1960 $ 4,372.2 
1,083.54 


Add Receipts from Sale of E.C.R.C. Publications 


Balance June 30, 1961 


Reserve for Emergencies 
Balance July 1, 1960 
st and Dividen 


Transfer from Unappropriated Surpius—Intere nds 
Received Plus $5,000.00 1,576.01 


SIOL. 57¢ 


Balance June 30, 1961 


Unappropriated Surplu 
Balance July 1, 1960 ( 
Net Income for the Year » 973 


Total 


Less: 


Transfer to Emergency Reserve 


Transfer to Publications Revolving Account 


Balance June 30, 1961 
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NGINEERING 


EDUCATION 


Changes in Special Project Balances 
For the Year Ended June 30, 196] 


Notes: 

1) By action of the Executive Board in June 1961, the balances of four project 
into the Reserve for Special Projects. 

2) The remaining balances of the 1960 Nuclear Newslett 
were transferred to the 1961 projects. The remainin 
letter was transferred to the 1961 Nuclear Summer 

3) An amount equal to the income from the sal publ 
Publications Revolving Account. 

4) The A. L. Williston Award fund p called 


Visiting Engineer fund previousl 


5) Payments were received from the 
6) Payments were received from the 
Payments were received from thx 


8) Payments were received from th 


reviously was 
ly was called Junior 
Atomic Energy Com 
National Science k 

Westinghouse Educa 


Ford Foundation. 


Analysis of Expenses 
For the Year Ended June 30, 196] 


Annual Meeting 
Journal 
Committees, Conferences 
Postage 
Telephone and Telegraph 
Supplies and Sundry Printing 
Travel Expenses: 

Secretary's Office 

Officers 

President 

Editor 

General Council 
Engineering College Adm. Council 
Engineering College Res. Council 
Salaries: 

Secretary 

Assistant Secretary 

Editor 

Office Secretaries 

Clerical Assistance 
Social Security 
Retirement of Emeritu 
Bonding Fees and Audit 


and Division 


Assistant Secretary 


Dues and Subscriptions to American Council on 


Education 
Engineering Council for Prof. Development 
bution 
Contingencies and Special Projects 
Engineers Joint Council Dues 
Utilities 
Furniture and Equipment 
aintenance of Equipment 
Insurance 
Miscellaneous 
Lamme Award Expense 
Proceedings Expense 


Total 





g balance of th 
Institute 


ication ha been 
“Technical 
mission, 


indation. 


tional Foundation 


{ctua Budget 
$s §. 506.45 & 5,000.00 
42.642.01 45.000.00 
1,190.52 2,000.00 
3141.62 3, 600.00 
1,514.97 ~ 100.00 
6.956. 88 §,000.00 
2,518.75 2,000.00 
1,935.24 3, 700.00 
$41.41 1,000.00 
225.57 300-00 
3,729.71 2,800.00 
2 » 35 1,000.00 
2,027.33 3,150.00 

3,136.92 14,400 
140.33 4,330. 06 
§.155.74 §.2 0.00 
25,151.25 24, 360.00 
920.39 400.00 
RR8.15 RAO Of 
1,360.00 1. 0 Of 
. i772. .o. 1.050. 0 
200. Of 200.00 

Contri 

1,080.00 1,090.00 
768.62 300.00 
1,498.00 1,680.00 
750.00 
$00.00 
300.00 
620.00 
100.00 
200.00 
644.49 400 00 
$134.31 S5 $134,020.00 


Institute 
College Visiting Scienti 


vuci¢ 


on 


rand 1960 Nuclear Summer Instit 
1961 


if N Ww 
ind tl 
Pri ra 
Ale 
thle 

() 45 
5 y 
ROY 4X 
458 3k 
$14.9 
56 RR 
518.75 
164. 76 
458 59 
+. 43 
29 7} 
179.35 
47 

f OR 
R10) 4 
114. 2¢ 
1] 
20.39 
2 1§ 
| 

34 
0) 
$68.62 
182.0 
9 5] 
384.79 
5 3 
if iv 
16] 9? 
34.00 
44 49 
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Income Cash 
Principal Cash 


Investment 


Due to (¢ t 
Fund Balan 
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B. G. LAMME FUND 


Balance Sheet 
June 30, 1961 


Assets 
$ 265.61 
7.20 
10,134.53 
Heldgby Trust $ 10,407.34 
Liabilities and Fund Balance 
$ 265.61 
10,141.73 
Kund B $ 10,407.34 








ASEE YEARBOOK 


Organization of the Society 


The Society for the Promotion of Engi- 
neering Education was the outgrowth of the 
meetings of Division E of the World’s Engi- 
neering Congress held in Chicago from July 
21 to August 15, 1893, in connection with 
the World’s Columbian Exposition. 

In June, 1946, the name of the Society 
was changed to the American Society for 
Engineering Education, and the Engineering 
College Research Association, established in 
1942, merged with the Society to become its 
Engineering College Research Council 

The purpose of the Society is the advance- 
ment of education in all its functions which 
pertain to engineering and allied branches 
of science and technology, including the 
processes of teaching and learning, research, 
extension services, and public relations. The 
Society shall serve its members as a com- 
mon agency of stimulation and guidance in: 
(a) the formulation of the general goals and 
responsibilities of engineering education for 
the service of individuals and the advance- 
ment of general welfare; (b) the adjustment 
of curricula and educational processes to 
changing conditions; (c) the development of 
effective teachers and administrators; (d) 
the improvement of instructional materials 
and methods, of personnel practices, and of 
administrative usages; (e) the enhancement 
of professional ideals and standards; (f 
the fostering of research as a function col- 
lateral to teaching; (g) the coordination of 
institutional aims and programs, both among 
schools and colleges and in their joint rela- 
tions with professional, educational, and 
public bodies; and (h) the cultivation of a 
fraternal spirit among teachers, administra- 
tors, investigators, practitioners, and indus- 
trialists. 

The Society is an organization of indi- 
vidual and institutional members which op- 
erates in two coordinate areas of activity, 
corresponding to the respective interests of 
these groups. The interests of the individual 
members are coordinated under a General 
Council, and the activities of its institutional 
members through the Engineering College 
Administrative Council and the Engineering 
College Research Council. The Executive 
Board is the administrative body responsible 
for coordinating the activities of the entire 
Society. 

The ASEE has twenty-two Divisions and 
a number of Committees which represent 
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various professional branches of science, 
engineering, and related fields. The Divi- 
sions and Committees arrange the technical 
program of the annual meeting and are re- 
sponsible for much of the technical work of 
the Society. A number of studies of far- 
reaching importance to engineering colleges 
and the educational profession have been 
conducted through Division and Committee 
activities. 

There are sixteen geographical Sections 
which hold regional meetings. The programs 
of these meetings are devoted to various 
timely subjects dealing with engineering 
education, research, administration, and pro- 
fessional aspects of engineering. 

Local Branches of the Society have been 
formed in a number of engineering colleges 
in order to further the objectives of engi- 
neering education within the colleges 

The Engineering College Administrative 
Council serves to foster cooperation among 
engineering colleges and to relate the col- 
leges to the public welfare in the interests of 
the engineering profession, industry, and the 
public at large. It serves as an instrument 
of inquiry into problems which contribute to 
the effective administration of engineering 
colleges. It agencies of 
government, engineering societies, and other 
organizations to further the interests of en- 
gineering education. Membership in_ the 
Council is institutional, consisting of one 
voting member from each Active Institu 
tional Member and one non-voting member 
from each Associate Institutional Member 


The Engineering College Research Coun- 


cooperates with 


cil assists in developing research facilities in 
engineering colleges and serves as an organi- 
zation to promote and coordinate scientific 
and industrial research. The Council coop 
erates with governmental agencies and _in- 
dustrial organizations in the formulation of 
research programs. Through these activitic 
the Council contributes to the improvement 
of advanced study in engineering colleges 

The Journal of Engineering Education, 
published monthly during the academic yea 
is the formal publication of the ASEE. It 
contains papers, reports and discussions per- 
tinent to the profession. This Journal is dis- 
tributed free to the members. A bound vol- 
ume of the Journal constitutes the annual 
Proceedings of the Society. 
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OFFICERS AND COUNCIL MEMBERS 


Officers for 1961-62 


President: R. WW. Van Houten, President, Newark College of Engineering, Newark, 
New Jersey. 


Vice President: (1962) (sections—West M. R. Lohmann, Dean of Engineering, 
Oklahoma State University, Stillwater, Oklahoma. 


Vice President (1963) (sections—East): G. A. Marston, Dean of Engineering, Uni- 
versity of Massachusetts, Amherst, Massachusetts 


Vice President (1962) (instructional division activities): N. A. Hall, Chairman of 
Mechanical Engineering, Yale University, New Haven, Connecticut 


Vice President (1963) (divisions—general): Curtis L. Wilson, Dean of Engineering, 
Missouri School of Mines and Metallurgy, Rolla, Missouri. 


Vice President (1962) (Engineering College Research Council): R. J. Martin, Director, 
Engineering Experiment Station, University of Ilinois, Urbana, Illinois. 


Vice President (1963) (Engineering College Administrative Council): R. H. Roy, Dean 
of Engineering, Johns Hopkins University, Baltimore, Maryland. 


Treasurer: W. W. Burton, Employment Manager, Minnesota Mining & Manufacturing 
Co., 900 Bush Street, St. Paul, Minnesota 


Secretary: W. Leighton Collins, University of Illinois, Urbana, Illinois. 
Assistant Secretary: Jimmy \W . Sevler, University of Illinois, Urbana, Illinois 


Editor, Journal of Engineering Education: Paul T. Bryant, Editor, Engineering Experi- 
ment Station, University of Ilinois, Urbana, Illinois 


Junior Past Presidents: 
Eric A. Walker, The Pennsylvania State University, University Park, Pennsylvania. 
B. R. Teare, Jy., Carnegie Institute of Technology, Pittsburgh, Pennsylvania. 


W. T. Alexander, Webb Institute of Naval Architecture, Glen Cove, Long Island, 
New York 


Secretary ECAC: L. H. Johnson, Tulane University, New Orleans, Louisiana. 
Secretary ECRC: W. E. Miller, University of Illinois, Urbana, Ilinois 


Office Staff: 
Executive Office Secretarv; Naomi Garman 


Judy Tremore, Marie Parsons, Beulah Rebman, Nancy Mueller, Beverly Busta, 
Nancy Jacobs 
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Members of the General Council, 1961-62 


The General Council includes the Officers of the Society, the Junior Past Presidents, and 
secretaries of ECAC and ECRC, listed on the preceding page, in addition to the following 
representatives of Divisions and Sections. Members of Council listed below retire ten days 
after the Annual Meeting held in the year following their names. 


DIVISIONS 
Aeronautical Engineering: 
D. W. Dutton (1963), Georgia Institute 
of Technology, Atlanta, Ga. 
Agricultural Engineering: 
F. B. Lanham (1962), University of Illi- 
nois, Urbana, IIl. 
Architectural Engineering: 
M. W. Isenberg (1962), Pennsylvania 
State University, University Park, Pa. 
Chemical Engineering: 
M. H. Chetrick (1963), 
Louisville, Louisville, Ky. 
Civil Engineering: 
R. C. Brinker (1962), New Mexico State 
University, University Park, N. Mex 
Cooperative Education: 
J. L. Cain (1963), Virginia Polytechnic 
Institute, Blacksburg, Va. 
Educational Methods: 
C. E. Schaffner (1962), Polytechnic In- 
stitute of Brooklyn, Brooklyn, N. Y. 
Electrical Engineering: 
J. H. Mulligan, Jr. (1963), New York 
University, New York, N. Y. 
Engineering Economy: 
F. A. Gitzendanner (1962), 
Oil Company, Whiting, Ind. 
Engineering Graphics: 
J. S. Rising (1962), Iowa State Univer 
sity, Ames, Iowa. 
English: 
J. W. Souther (1962 University of 
Washington, Seattle, Wash. 


SECTIONS 
Allegheny: 
H. D. Sims (1963), 
Lewisburg, Pa. 
Illinois-Indiana: 
R. E. Gibbs (1962 
Peoria, Ill. 
Kansas-Nebraska: 
C. K. Razak (1963), 
ita, Wichita, Kan 
Michigan: 
M. M. Ryan’( 1962), Lawrence Institut 
of Technology, Southfield, Mich. 
Middle Atlantic: 
F. L. Singer (1963), New York Univer 
sity, New York. N. } 
Missouri-Arkansas: 
J. C. Hogan (1963), University of Mis 
souri, Columbia, Mo. 
National Capital Area: 
H. H. Armsby (1962), Department of 
Health, Education and Welfare, Wash- 
ington, D. C. 
New England: 
J. S. Marcus (1963), University of 
Massachusetts, Amherst, Mass. 


University of 


American 


Bucknell University 


), Bradley University 


University of Wicl 


Evening Engineering Education: 
W. R. Turkes (1963), University of Pitt 
burgh, Pittsburgh, Pa. 
Graduate Studies: 
J. L. Meriam (1962), University of Cali- 
fornia, Berkeley, Calif. 
Humanities and Social Sciences: 
W. H. Davenport (1963), Harvey Mudd 
College, Claremont, Calif 
Industrial Engineering: 
R. G. Carson (1962), North Carolina 
State College, Raleigh, N. C. 
Mathematics: 

3 W. Cell (1963 “ North Carolina Stat 
College, Ral igh, N. c 
Mechanical Engineering: 

V. L. Doughtie (1962), 

Texas, Austin, Texas. 
Mechanics: 

J. O. Smith 

Urbana, Ill. 
Mineral Engineering: 

Reinhardt Schuhmann, | 1962 Pur 

due University, Lafayette, Ind. 
Physics: 


University 


1963), University of Ilinoi 


IF. E Myers 1963 ‘ Argonne itional 
Lab., Argonne, II] 

Relations with Industry: 
D. E. Irwin (1963), General Electric Co 
Schenectady, Me eg 

Technical Institute: 
A. R. Sims (1963 University of Hon 
ton Houston I Xas. 

North Midwest: 
P. A. Cartwright 1962), University of 


Minnesota 
Ohio: 
EK. C. Clark (1963), Ohio State 
sity, Columbus, Ohio 
Pacific Northwest: 
G. J. Herman (1962), 
( olle td Boze man Mont 
Pacific Southwest: 
Bonham Campbell (1963), University of 
California, Los Angeles, Calif 
Rocky Mountain: 
W. H. Parks (1962), University of Den 
ver Denve - Colo. 
Southeastern: 
J. S. Brown (1963), Tennessee Pol) 
technic Institute, Cookeville, Tenn. 
Southwest: 
Frank Bromilow (1962 New Mexico 
State University, University Park, N. Mex 
Upper New York-Ontario: 
R. B. Russ (1962), Union College, Sche 
nec tady, N.Y 


Minne ipolis, Mint 


Univer 


Montana State 
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ENGINEERING COLLEGE 
ADMINISTRATIVE COUNCIL 


Membership in the Engineering College Administrative Council is institutional. Each 
institutional member, active or associate, is entitled to appoint one representative to the 
Engineering College Administrative Council. Representatives of those institutions which have 
associate membership shall have all the privileges of the representatives of the institutions 
which hold active membership except the privilege of voting and of holding office. 

The purposes of the Engineering College Administrative Council are stated in the 
Constitution of ASEE, Article VIII. These purposes can be summarized essentially as those 
problems which relate to administrative matters in the operation of engineering colleges 
and to disseminate information on those problems to the membership and the public. 


ECAC OFFICERS, 1961-62 


Chairman: R. H. Roy, Johns Hopkins University, Baltimore 18, Md. 
Secretary: L. H. Johnson, Tulane University, New Orleans 18, La. 


Executive Committee: J. M. Pettit (1962), Stanford University, Stanford, Calif.; F. H. 
Pumphrey (1962), Auburn University, Auburn, Ala.; F. M. Tiller (1962), University of 
Houston, Houston, Tex.; J. C. Elgin (1963), Princeton University, Princeton, N. J., 
G. R. Town (1963), lowa State University, Ames, lowa. 


ECAC Committees 


Young Faculty Affairs: Study of Sources of Financial Aid for En- 
Chairman: D. V. Heebink, Stanford Uni gineering College Students: 
versity; O. W. Dillon, Jr., D. E. Griffith Chairman: W. P. Kimball, Northwestern 
Ferdinand Leimkuhler, J. C. Lysen, J. O University; R. V. Andrews, Z. R. Bliss 
Nichols, J. W. Prados, W. R. Schowalter Karl Brenkert, Jr., R. A. Kliphardt, J. E 
; —_ . : Lagerstrom, G. D. Lobingier, J. F. Me- 
Analysis of Engineering Enrollment: Manus, D. L. Pyke, R. L. Strider, J. R 
Chairman: | A Brothers, Drexel Insti- Whinners 


tute of Technology; M. A. Griffin, H. M 


Interdisciplinary Aspects of Engineering 
Hess, J. A. Hrones, W. D. Mellvaine, 


W. W. Seifert Education: | 
Chairman: W. B. Boast, Iowa State Uni- 
Military Affairs: versity; A. B. Cambel, Daniel Howland. 


: John Lyman, G. F. Paskusz, C. M. Sliep- 
Chairman: G. A. Marston, University of evich. D. C. White 

Massachusetts; H. W. Barlow, W. | = veuieion: ea. a 

Rvertt, R. A. Paiman. C. R. Ceacter. ECAC-ECRC Joint Committee on Rela- 


W. J. Holmes, C. R. Nichols, J. R. Van tions With Federal a 


Pelt, H. E. Wessman Chairman: ]. A. Hrones, Case Institute of 


Pechnology & > roti ei D R Cor- 
son, W. L. Everitt, | L. Foster, W. W 
Chairman: J. M. Pettit, Stanford [ Hagertv, L. H. Johnson, J. R. Whinnery. 
versity A. T. Granger, William Ha; cl. R. J. Woodrow 


Nominating Committee: 


Organization of Schools of Engineering: 


Review of Eneineering Desrees: 
sade f Engineering Degrees: Chairman: D. A. Fischer, Washington 


Chairman: L. R. Quarles, University of University, St. Louis, Mo.; Wyeth Allen, 
Virginia; W. J. Bentley, L. D. Conta, J E. W. Anderson, G. F. Benton, C. M. 
C. Elgin, W. S. Evans, M. J. Goglia, H Duke, Salomon Eskanazi, R. G. Folsom, 
A. Haswell, R. R. McLaughlin, R. Ff 4. T. Granger, K. B. McEachron, Jr., 
Shaver, C. H. Weaver Hsuan Yeh 
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ENGINEERING COLLEGE 
RESEARCH COUNCIL 


The Engineering College Research Council is an outgrowth of the Engineering College 
Research Association. The Association was founded in 1942 and became the Engineering 
College Research Council on January 1, 1947, when it was merged with, and became one 
of the Councils of the American Society for Engineering Education. The original purposes 
of the Association are essentially the purposes of the Council. 

These are set forth in Article VIL, Section 1, of the Constitution of the American Society 
for Engineering Education, and essentially they shall be to assist in developing research 
facilities of engineering colleges, promoting research activities and disseminating research 
findings. 

Membership in the Engineering College Research Council is institutional. Each institu- 
tional member, active or associate, is entitled to appoint one representative to the Engineer- 
ing College Research Council, and representatives of those institutions which have associate 
membership shall have all the privileges of the representatives of the institutions which hold 
active membership, except the privilege of voting and holding office. 


ECRC OFFICERS, 1961-62 


Chairman: RK. J. Martin, University of Illinois, Urbana, III 

Vice Chairman: J. C. Calhoun, Jr. (1962), A & M College of Texas, Colleg: 

Vice Chairman: J. M. Pettit (1963), Stanford University, Stanford, Calif 

Secretary: W. E. Miller, University of Illinois, Urbana, III 

Directors: F. L. Foster (1962), Massachusetts Institute of Technology; L. H. Johnson (1962), 
Tulane University, New Orleans 18, La.; J. W. Hoffman (1963), Michigan State Uni 
versity, East Lansing, Mich.; R. E. Burroughs (1963), University of Michigan, An: 
Arbor, Mich.; J. C. Boyce (1964), Illinois Institute of Technology, Chicago, Ul.; T. | 
Martin, Jr. (1964), University of Arizona, Tucson, Ariz 


ECRC Committees 


Curtis W. McGraw Research Award: J. M 


Station, Te 


English, F. L. Foster, W. W 


Chairman: C. M. Sliepcevich, University 
of Oklahoma, Norman, Okla.; M. E. Fors- 
man, H. B. Gotaas, E. P. Popov, G. A 
Richardson, R. S. Rowe, C. R. Wylie 

Interdisciplinary Research: 

Chairman: C. C. Chambers, University of 
Pennsylvania, Philadelphia, Pa.; M. Asi- 
mow, R. E. Burroughs, Renato Contini, 
J. W. Graham, Jr., M. A. Mason, C. R 
Mingins, P. N. Powers, J. H. Robins. 

Nominating: 
Chairman: K. F. 
Wisconsin, Madison, Wis.; 
R. J. Woodrow 

Program: 

Chairman: T. L. Martin, Jr., University 
of Arizona, Tucson, Ariz.; W. H. Bog- 
hosian, Frank Bromilow, J. C. Calhoun, 
Jr., R. H. Cook, M. E. Forsman, R. S. 
Green, S. A. Johnson, Jr., E. R. Parker 

Publications: 

Chairman: P. T. Bryant, University of 
Illinois, Urbana, Ill.; R. H. Cook, W. F 
Miller, H. L. Shulman. 

Relations with Federal Government: 
Chairman: R. J. Woodrow, Princeton Uni 
versity, Princeton, N. J.; R. N. Faiman, 
F. L. Foster, W. R. Hill, S. A. Johnson, 

Jr., Gilbert Lee, E. E. Litkenhous, C. M. 
Sliepcevich, N. A. Wahlstrom, H. P. Wile. 

Research Administration: 

Chairman: Merl Baker, University of Ken- 
tucky, Lexington, Ky.; R. E. Burroughs, 


Wendt, University of 
E. A. Walker, 


Hagerty, W. Harrell, J. W. Hoffman 
V. C. Kennedy, Jr., H. E. Orem, J. A 
Smetana. 

Research and Graduate Studies: 
Chairman: J. C. Calhoun, Jr A. & M 
College of Texas, College Station, Tes 
W. R. Benford, D. R. Boylan, | ( 
Easton, J. M. Garrelts, E. E. Litkenhous 
‘© Maloney, J. M. Pettit, C. K. Razak 
H. C. Simrall 

Research Relations With Industry: 
Chairman: M. A. Williamson, Pennsyl- 


vania State University, University Park 


Pa.; Vice Chairman: M. W. Kriegel 
Jersey Production Research Co., Tulsa 
Okla.; F. E. Allen, 1 Bi idford, N. W 
Conner, B. F. Dodge, D. A. Fischer 


G W. Giddings Le Van Griffis (, | 
Jenkins, C. H. Lorig, Aaron Rose, R. H 
Thomas, H. K. Work. 

Vincent Bendix Award: 
Chairman: J. R. Ragazzini, New York 
University, New York, N. Y.; C. C. Cham- 
bers, J. R. Cudworth, A. R. Kuhltha 
F.C. Lindvall, J. H. Rushton, J. P. Spiel 
man 

ECRC-ECAC Joint Committee on Rela- 
tions with Federal Agencies: 
Chairman: J. A. Hrones, Case Institute 
Pechnology: C. C. Chambers. D R. Cor 
son, W. L. Everitt. F. L. Foster, W. W 
Hagerty, L. H. Johnson, J. R. Whinner 
R J Woodrow 
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Advisory Committee on 1962 Summer 

Institute on Effective Teaching (ad 
hoc): 
Chairman: C. E. Schaffner, Polytechnic 
Institute of Brooklyn, Brooklyn, N. Y. 
Director: O. E. Lancaster, Pennsylvania 
State University, University Park, Pa.; 
W. - Everitt, H. A. Foec ke, J R Van 
Pelt, M. A. Williamson. 


Affiliate Membership: 
Chairman: H. E. McCallick, Capitol Ra 
dio Engineering Institute, Washington 
10, D. C.; M. R. Graney, G. Ross Hen 
ninger, R. E. King, G. G. Mallinson, L. F 
Smith, E. B. Van Dusen, E. B. Weinberg, 
G. S. Whitney 


Analysis of Engineering Enrollment — 
ECAC: 
Chairman: L. A. Brothers, Drexel Insti 
tute of Technology; M. A. Griffin, H. M 
Hess, J. A. Hrones, W D. Mellvaine, 
W. W. Seitert 


Annual Meeting: 
Chairman: N. A. Hall, Yale University, 
New Haven, Conn.; Merl Baker, W. H. 
Boghosian, Peter Chiarulli, G. R. Fitterer, 
G. A. Hawkins, A. J. Hill, Archie Higdon, 
Matthew McNeary, J. L. Meriam, C. E 
Schaffner, Curtis L. Wilson, W. Leighton 
Collins, (ex offic 10 

Awards Policy: 
Chairman: W. T. Alexander, Webb Insti 
tute of Naval Architecture, Glen Cove 
N. Y.; T. S. Crawford, Harold Flinsch 
H. K. Work 


Constitution and Bylaws: 
Chairman: D. A. Fischer, Washington 
University, St. Louis, Mo.; J. C. Calhoun 
Ir.. G. C. Clementson, J. R. Cudworth, 
L. E. Grinter, V. S. Haneman, Jr., K. I 
Holderman 

Curtis W. McGraw Research Award— 
ECRC: 
Chairman: C. M. Sliepcevich, University 
of Oklahoma, Norman, Okla.; M. E. Fors 
man, H. B. Gotaas, | P. Popov, G. A 


i 


Richardson, R. S. Rowe, C. R. Wylie 
Division Activities—General: 

Chairman: Curtis 1 Wilson, Missouri 
School of Mines, Rolla, Mo.; Committee 
members are Chairmen and General 
Council Representatives of the following 
Divisions: Cooperative Education, Edu 
cational Methods, Engineering Ex onomy 
English, Evening Engineering Education, 
Graduate Studies, Humanities and Social 
Sciences, Mathematics, Physics, Relations 
With Industry, Technical Institutes; and 
Chairmen of the following Committees 
Engineering School Libraries, Ethics, In 
strumentation 





Division Activities—Instructional and 

Curricular: 

Chairman: N. A. Hall, Yale University, 
New Haven, Conn.; Committee members 
are Chairmen and General Council Rep- 
resentatives of the following Divisions: 
Aeronautical, Agricultural, Architectural, 
Chemical, Civil, Electrical, Engineering 
Graphics, Industrial, Mechanical, Me- 
chanics, Mineral Engineering; and Chair- 
men of the following Committees: Ma- 
terials, Nuclear, and Textile Engineering 


Dues Structure (ad hoc): 
Chairman: B. J. Dasher, Georgia Institute 
of Technology, Atlanta, Ga.; W. W. Bur- 
ton, A. B. Cambell, H. A. Foecke, G. D. 
Lobingier, C. E. Schaffner, A. Ray Sims 

ECRC-ECAC Joint Committee on Rela- 
tions with Federal Agencies: 
Chairman: J. A. Hrones, Case Institut 
ot lechnology, Ck veland, Ohio; a a; 
Chambers, D. R. Corson, W. L. Everitt, 
F. L. Foster, W W Hage rty, Le 
Johnson, J. R. Whinnery, R. J. Woodrow 


Editorial: 

Chairman: P. T. Bryant, University of 

Illinois, Urbana, Ill; T. P. Anderson, 

Stanley Backer, C. E. Bennett, G. W 

Be rgren, A. H. Cooper, R. O. Darling, 

A. W. Davis, J. S. Dobrovolny, A. C 

Dunk, J. T. Elrod, Amy V. Hall, R. T. 

Howe, L. H. Johnson, O. E. Lancaster, 

Arthur Lesser, Jr., J. O. Luck, R. F. 

Makens, W. E. Miller, J. N. Moriarty, 

S. P. Olmsted, A. A. Orr, E. B. Penrod, 

P. N. Powers, W. E Restemeyer, if L 

Sankovitz, G. D. Shec kels, F. R Smith 

G. J. Thaler, B. H. Ulrich, Jr., L. H 

Van Vlack, H. L. Wakeland 
Engineering Faculty Development (ad 

hoc): 

Chairman: A. Bernard Drought, Mar- 
quette University, Milwaukee, Wis.; 
R. E. Bolz, R. S. Green, Seichi Konzo, 

]. E. Lagerstrom, C. E. Schaffner, G. B 

Thom, Cornelius Wandmacher 
Engineering School Libraries: 

Chairman: J. P. McGowan, Franklin In- 

stitute, Philadelphia, Pa.; Barbara A 

Begg, cz W Be nnett, W. N. Boe 5. D. Ss 

Eppelsheimer, Madeleine Gibson, W. N 

Locke, T. L. Minder, J. H. Moriarty, 

Mary F. Pinches, I. A. Tumbleson, Jean- 

ette Wood 
Ethics: 

Chairman: John Gammell, Allis Chalmers 

Manufacturing Co., Milwaukee, Wis.; P 

A. Cartwright, S. W. Chapman, J. C 

Choppesky, N. A. Christensen, C. S 

Crouse, C. A. Dunn, C. H. Ebert, Jr., 

C. J. Freund, A. R. Hellwarth, W. M 

Lee, J. B. Moulton, S. P. Olmsted, Albert 
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Romeo, J. W. Souther, T. E. Stelson, 


R. E. Swift, B. A. Whisler. 


Evaluation of Technical Institute Edu- 
cation: 
Steering Committee: Chairman, C. C. 
Tyrrell, Broome Technical Community 
College, Binghampton, N. Y.; H. R. 
Beatty, B. C. Boulton, K. A. Brunner, M. 
R. Graney, G. R. Henninger, H. H. Kerr, 
C. H. Lawshe, V. E. Neilly, W.C. White 
Working Committee: Chairman, J. L. Mc- 
Graw, University of Dayton, Dayton 9, 
Ohio; R. W. Bingham, G. F. Branigan, 
Bonham Campbell, W. M. Hartung, D. 
F. Libby, H. A. Romanowitz, C. H. 
Thompson, W. G. Torpey, T. N. Trolsen. 


Financial Policy: 

Chairman: G. D. Lobingier, Westing 
house Electric Corporation, Ardmore 
Blvd. & Brinton Road, Pittsburgh 21, Pa.; 
C. C. Chambers, Arthur Lesser, Jr., 
Thorndike Saville, R. J. Woodrow, W. W. 
Burton, (ex officio), and W. Leighton 
Collins, (ex officio). 


George Westinghouse Award Commit- 
tee: 
Chairman: E. R. Whitehead, Illinois In- 
stitute of Technology, Chicago 16, III. 
(1965); W. M. Rohsenow (1962), D. W 
VerPlanck (1962), Glenn Murphy 
(1963), Samuel Seely (1963), Joseph 
Marin (1964), M. S. Peters (1964), R 
B. Bird (1965), G. D. Lobingier, (ex 
officio). 


Graduate Study Project, 1961: 
Chairman: J. M. Pettit, Stanford Univer 
sity, Stanford, Calif. 


Headquarters Location (ad hoc): 


Chairman: C. C. Chambers, University 
of Pennsylvania, Philadelphia, Pa.; J. C. 
Calhoun, Jr., E. C. Easton, John Gam- 
mell, F. C, Morgen, 


Lindvall, R. A. 
(Consultants: W. L. Collins, R. W. 
Howes ). 


Honorary Membership: 
Chairman: J. F. Downie Smith, Carrier 
Research and Development Company 
Syracuse, N. Y. (1962); William Allan, 
(1962), N. W. Dougherty (1962), H. H 
Armsby (1963), A. A. Potter (1963), 
D. B. Prentice (1963), F. F. Groseclose 
(1964), R. A. Morgen (1964), G. R. 
Town (1964). 

Industrial Membership: 
Chairman: H. E. Heath, Western Electric 
Co., 220 Church St., New York 13, N. 


Y.; F. E. Allen, B. H. Amstead, B. C. 
Baker, B. Brooke Bright, F. T. Carroll, 


Jr., R. O. Darling, C. H. Ebert, Jr., John 
Gammell, E. P. DeGarmo, Frank Kerekes 
H. E. McCallick, D. L. 
Stephans, F. 
ridge. 


Pyke, RG 
W. Stubbs, R. bi Woold- 


Instrumentation: 
Chairman: P. L. Balise, University of 
Washington, Seattle, Wash.; N. L. Buck, 
J. G. McCaslin, Rufus Oldenburger, J. 
B. Reswick, J. L. Shearer, G. J. Thaler, 
Herman Thal-Larsen, J. G. Truxal. 


Interdisciplinary Aspects of Engineering 
Education—ECAC: 
Chairman: W. B. Boast, lowa State Uni 
versity, Ames, lowa; A. B. Cambel, Dan 
iel Howland, W. K. Linville, John Ly 
man, G. F. Paskusz, C. M. Sliepcevich 
D. ( White 


Interdisciplinary Research—ECRC: 


Chairman: C. C, Chambers, University 
of Pennsylvania, Philadelphia, Pa.; Mor 


ris Asimow, R. | Burroughs, Renato 
Contini, ]. W. Graham, Jr., M. A. Mason, 
C. R. Mingins, P. N. Powe 
Robins 


International Engineering Education: 
Chairman: Merl Baker, University of Ke 
tucky, Lexington, Ky.; P. D. Agarwal, M 
L. Albe rtson, Jay Davenport lr. H. Evan 
G. R. Fitterer, L. E. Grinter, K. C. Harder, 
J. E. Hobson, H. K. Justice, J. A. Mark 
3 Meriam, J. O. Outwater, J. R 
Pearson, | M Tiller, W R. Weem 
J. G. Young 


James H. McGraw Technical Institute 
Award: 
Chairman: H. E. McCallick, Capitol Ra 
dio Engineering Institute, Washington, D 


C. (1963); Bonham Campbell 1962 
K. A. Brunner (1962), H. H. Ken 
( 1962 ex officio W. R. Halste 

(1963), W. D. Purvine 1963 R. | 


McCord 1964 H. L.. McClure 1964 
Lamme Award: 
Chairman: M. R. Lohmann, Oklahom 
State University, Stillwater, Okla 
1962): H. B. Gotaas 1962 D. H 
Pletta (1962), J. H. Lampe 1963), ‘I 
L. Martin, Jr. (1963), W. L. Everitt 


1964), S. C. Hollister (1964 a i8 
Grinter 1964 G. S. Brown 1965 
R G Owens 1965 E. P. P po 
(1965). 


Long Range Planning: 
Chairman: W. L. Everitt, University « 
Illinois, Urbana, Ill. (1962); W. T. Alex 
andet 1962 Glenn Murphy 1962 
R. A. Morgen 1963 Ba Smit} 
(1963), D. A. Fischer 1964), | ( 
Lindvall (1964 E. A. Walker (1964 


Materials: 
Chairman: J. A. Pask, University of Cali 
fornia Berkeley, Calif r’. H Ande rson 
I. B. Cutler, S. A. Duran, A. J. Metzger, 
W. E. Moodv. T J. Planie, G. C. Robin 
son, A. W. Schlechten, Reinhardt Schuh 
mann, Jr., R. E. Swift, L. H. Van Vlack 
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Military Affairs—ECAC; 
Chairman: G. A. Marston, University of 
Massachusetts, Amherst, Mass.; H. W. 
Barlow, W. L. Everitt, R. N. Faiman, 
G. R. Graetzer, W. J. Holmes, C. R 
Nichols, J. R. Van Pelt, H. E. Wessman 
National Legislation: 
Chairman: E. L. Keller, Pennsylvania 
State University, University Park, Pa 
(1963); P. H. Robbins (1962), L. K. 
Wheelock (1962), R. E. Stiemke (1963 
J. W. Buchta (1964), J. C. Elgin (1964 
Nominating: 
Chairman: W. T. Alexander, Webb In 
stitute of Naval Architecture, Glen Cove 
N. Y.; H. H. Armsby, R. C. Brinker 
Frank Bromilow, R. G. Carson, P. A 
Cartwright, V. L. Doughtie, R. E. Gibbs 
F. A. Gitzendanner, G. J. Herman, M 
W. Isenberg, F. B. Lanham, J. L. Meriam 
W. H. Parks, J. S. Rising, R. B. Russ 
M. M. Ryan, C. E. Schaffner, Reinhardt 
Schuhmann, Jr., J. W. Souther, B. R 
Teare, ji , Eric A. Walker 
Nominating—ECAC: 
Chairman: J. M. Pettit, Stanford Univer 
sity, Stanford, Calif.; A. T. Granger 
William Hazell 


Nominating—ECRC: 
Chairman: K. F. Wendt, University of 
Wisconsin, Madison, Wis.; E. A. Walker, 
R. 3 Woodrow 

Nuclear: 
Chairman: C. E. Dryden, The Ohio Stat 
University, Columbus, Ohio (1962); W 
H. Crew (1962), I. H. Dearnley (1962), 
W. W. Grigorieff (1962), H. B. Hansteen 
(1962), Glenn Murphy (1962), R. C 
Anderson (1963), H. Russell Beatty 
(1963), T. R. Cuykendall (1963) R. J. 
Martin (1963), N. J. Palladino (1964), 
Deslonde de Boisblan« 1964), T. E 
Hicks (1964); R. F. Makens (1964), 
F. E. Myers (1964), C. C. Perry (1964) 

Objective Criteria in Ceramic Engineer- 
ing: 
Chairman: J. A. Pask, University of Cali- 
fornia, Berkeley, Calif. 

Objective Criteria in Nuclear Engineer- 
ing Education: 
Chairman: Glenn Murphy, Iowa _ State 
University, Ames, Iowa; R. C. Anderson, 
H. R. Beatty, M. W. Carbon, T. R. Cuy- 
kendall, H. J. Gomberg, W. W. Grigorieff, 
N. A. Hall, H. S. Isbin, W. R. Kimel, 
R. J. Martin, R. W. Moulton, R. L. Mur- 
ray, F. E. Myers, K. B. McEachron, N. J 
Palladino, P. F. Pasqua, P. N. Powers, 
L. R. Quarles. 


Organization of Schools of Engineering 
—ECAC: 
Chairman: D. A. Fischer, Washington 
University, St. Louis, Mo.; Wyeth Allen, 


E. W. Anderson, G. F. Benton, C. M 
Duke, Salomon Eskanazi, R. G. Folsom, 
A. T. Granger, Hsuan Yeh. 
Program—ECRC: 
Chairman: T. L. Martin, Jr., University 
of Arizona, Tucson, Ariz.; W. H. Bog- 
hosian, Frank Bromilow, J. C. Calhoun, 
Jr., R. H. Cook, M. E. Forsman, R. S. 
Green, S. A. Johnson, Jr., E. R. Parker. 
Projects: 
Chairman: B. R. Teare, Jr., Carnegie In- 
stitute of Technology, Pittsburgh 13, Pa.; 
P. F. Chenea, H. A. Foecke, W. R. Mar- 
shall, J. E. McKee, J. S. McNown, Glenn 
Murphy, N. M. Newmark, E. A. Walker, 
D. C. White. 


Public Information: 
Chairman: C. K. Arnold, The Pennsyl 
vania State University, University Park, 
Pa.; Richard Blanchard, P. T. Bryant, R 
N. Dove, H. C. Gillespie, H. A. Keyo, 
Jerry Miller, G. C. Pearl, D. T. Sheehan 
L. K. Wheelock, G. E. Yale, Jr. 

Publications: 
Chairman: W. L. Collins, University of 
Illinois, Urbana, Ill.; R. F. Bitner, R. C. 
Brinker, P. T. Bryant (ex officio), W. E 
Miller (ex officio), N. A. Hall (ex of- 
ficio), L. H. Johnson (ex officio), W. G 
Stone, Leon Trilling, F. R. Smith (ex 
officio), Curtis L. Wilson (ex officio). 

Publications—ECRC: 
Chairman: P. T. Bryant, University of 
Illinois, Urbana, IIl.; R. H. Cook, W. E 
Miller, H. L. Shulman. 


Relations with Federal Government — 

ECRC: 
Chairman: R. ]. Woodrow. Princeton 
University, Princeton, N. J.; R. N. Fai- 
man, F. L. Foster, W. R. Hill, S. A. 
Johnson, Jr., Gilbert Lee, E. E. Litken- 
hous, C. M. Sliepcevich, N. A. Wabhl- 
strom, H. P. Wile. 

Research Administration—ECRC: 
Chairman: Merl Baker, University of Ken- 
tucky, Lexington, Ky.; R. E. Burroughs, 
J. M. English, F. L. Foster, W. W. 
Hagerty, W. Harrell, J. W. Hoffman, 
V. C. Kennedy, Jr., H. E. Orem, J. A. 
Smetana. 

Research and Graduate Studies—ECRC: 
Chairman: J. C. Calhoun, Jr., A & M 
College of Texas, College Station. Texas: 
W. R. Benford, D. R. Boylan, E. C 
Easton, J. M. Garrelts, E. E. Litkenhous, 


J. O. Maloney, J. M. Pettit, C. K. Razak. 
H. C. Simrall. 


Research Relations with Industry — 
ECRC: 
Chairman: M. A. Williamson, Pennsyl- 
vania State University, University Park. 
Pa.; Vice Chairman: M. W. Kriegel: F. E. 
Allen, J. R. Bradford, N. W. Conner. 
B. F. Dodge, D. A. Fischer, G. W. Gid- 
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dings, Le Van Griffis, G. R. Jenkins, 
C. H. Lorig, Aaron Rose, R. H. Thomas, 
H. K. Work. 

Review of Engineering Degrees—ECAC: 
Chairman: L. R. Quarles, University of 
Virginia, Charlottesville, Va.; W. J. Bent- 
ley, L. D.-Conta, J. C. Elgin, W. S 
Evans, M. J. Gogha, H. A. Haswelt, 
R. R. McLaughlin, R. E. Shaver, C. H 
Weaver. 

Sections and Branches—Eastern: 
Chairman: G. A. Marston, University of 
Massachusetts, Amherst, Mass.; Commit- 
tee Members: Chairmen and General 
Council Representatives of the following 
Sections: Allegheny, — Illinois-Indiana, 
Michigan, Middle Atlantic, National 
Capital Area, New England, Ohio, South 
eastern, Upper New York-Ontario; and 
Chairmen of the following Branches: Uni- 
versity of Alabama, Clarkson College of 
Technology, University of Detroit, Uni- 
versity of Florida, University of Illinois— 
Navy Pier Division, Chicago, Lil.; La 
fayette College, University of Maine, 
North Carolina State College, Northeast 
ern University, Ohio State University 
Pennsylvania State University, Purdue 
University, University of Tennessee, To 
ledo Branch 

Sections and Branches—Western: 
Chairman: M. R. Lohmann, Oklahoma 
State University, Stillwater, Okla.; Com 
mittee Members: Chairmen and General 
Council Representatives of the following 
sections: Kansas-Nebraska, Missouri-Ar 
kansas, North Midwest, Pacific Northwest 
Pacific Southwest, Rocky Mountain 
Southwest; and Chairmen of the follow 
ing Branches: Colorado School of Mines 
University of Colorado, Michigan Colle: 
of Mining & Technology, University of 
Minnesota, A & M College of ‘Texas 
Washington State University, University 
of Washington 


Study of Sources of Financial Aid for 
Engineering Students—ECAC: 
Chairman: W. P. Kimball, Northwestern 
University, Evanston, Ill.; R. V. Andrews 
Z. R. Bliss, Karl Brenkert, Jr., R. A. Klip 
hardt, J. E. Lagerstrom, G. D. Lobingier 
J. F. McManus, D. L. Pyke, R. L. Strider, 
J. R. Whinnery. 


Textile Engineering: 


Chairman: M. J. Lydon, Lowell Techno 
logical Institute, Lowell, Mass.. C. L 
Adams, Stanley Backer, H. A. Dickert, 
R. K. Flege, W. J. Hamburger, M. E 
Heard, G. E. Hopkins, L. A. Runton 
E. P. Stevenson, J. L. Taylor. 


Vincent Bendix Award: 
Chairman: J. R. Ragazzini, New York 
University, New York 53, N. Y.; C. C 
Chambers, J. R. Cudworth, A. R. Kuhl 
thau, F. C. Lindvall, J. P. Spielman 


Visiting Engineer: 
Chairman: C. C. Chambers, University 
of Pennsylvania, Philadelphia, Pa.; J. C 
Calhoun, Jr., P. N. Powers, J. R. Ragaz 
zini, W. E 


A. L. Williston Award (formerly Tech- 
nical Institute Education): 
Chairman: M. R. Graney, University of 
Dayton, Dayton, Ohio.; B. C. Boulton 
H. H. Kerr, L. F. Smith 

World Congress on Engineering Educa- 
tion (ad hoc): 
Chairman: E. (¢ kaston, Rutgers Univer 
sity, New Brunsw ck N\ ] W | Ale X 
inder, J. R. Dunning, Ernst Weber, R. J 
Woodrow, H. K. Work 

Young Faculty Affairs—ECAC: 
Chairman: D. V. Heebink, Stanford Uni 
versity; O. W. Dillon, Jr., D. E. Griffith 


Ferdinand Leimkuhler, J. C. Lysen, J. O 
Nichols J}. W Prados, W. R. Schowalter 


Rogers, J. W. Sey ler. 


OFFICERS OF DIVISIONS, 1961-62 


Aeronautical Engineering: 
Chairman: H. S. Stillwell, University of 
Illinois, Urbana, Ill. 
V. Chairman: B. H. Ulrich, Jr., West Vir- 
ginia University, Morgantown, W. Va. 
Prog. Chmn.: L. Z. Seltzer, West Virginia 
University, Morgantown, W. Va. 
Secretary: H. H. Hilton, University of 
Illinois, Urbana, Ill. 
Repr. on GC: D. W. Dutton, Georgia In- 
stitute of Technology, Atlanta, Ga. 
Exec. Comm.: A. E. Cronk, R. L. Bisp- 
linghoff, H. M. DeGroff, H. C. Martin 
W. A. Sherwood, H. S. Stillwell, R. W. 
Truitt, B. H. Ulrich, Jr. 
Agricultural Engineering: 
Chairman: J. B. Liljedahl, Purdue Uni- 
versity, Lafayette, Ind. 


V. Chairman: B. F. Parker, University of 
Kentucky, Lexington, Ky. 

Secretary: R. A. Palmer, American So 
ciety of Agricultural Engineers, St 
Joseph, Mich. 

Repr. on GC: F. B. Lanham, University 
of Hlinois, Urbana, Ill. 

Editor: H. L. Wakeland, University of 
Illinois, Urbana, II. 

Architectural Engineering: 

Chairman: G. H. Albright, Pennsylvania 
State University, University Park, Pa 

V. Chairman: Willard Strode, University 
of Kansas, Lawrence, Kansas. 

Prog. Chmn.: Willard Strode, University 
ot Kansas, Lawrence, Kansas. 

Secretary: A. A. Orr, Oklahoma Stat 
University, Stillwater, Okla 
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Repr. on GC: M. W. Isenberg, Pennsyl- 
vania State University, University Park, 
Pa. 

Exec. Comm.: G. H. Albright, M. W. 
Isenberg, A. A. Orr, Willard Strode 

Chemical Engineering: 

Chairman: C, E. Littlejohn, Clemson Col- 
lege, Clemson S. C 

V. Chairman: M. S. Peters, University of 
Illinois, Urbana, Il. 

Secretary: J. J. Martin, University of 
Michigan, Ann Arbor, Mich. 

Repr. on GC: M. H. Chetrick, University 
of Louisville, Louisville, Ky. 

Exec. Comm.: C. E. Littlejohn, J. J 
Martin, M. S. Peters, C. R. Wilke. 

Civil Engineering: 

Chairman: E. E. Johnson, South Dakota 
State College, Brookings, S. Dak. 

V. Chairman: W. S. LaLonde, Jr., New- 
ark College of Engineering, Newark, 
N. J. 

Prog. Chmn.: W. S. LaLonde, Jr., Newark 
College of Engineering, Newark, N. J 

Secretary: R. T. Howe, University of Cin- 
cinnati, Cincinnati, Ohio. 

Repr. on GC: R. C. Brinker, New Mexico 
State University, University Park, N 
Mex. 

Editor: R. T. Howe, University of Cin- 
cinnati, Cincinnati, Ohio 

Exec. Comm.: M. E. Bender (62), H. A 
Weeden (62), C. H. Ogle sby (63 
L. R. Heiple (63), G. R. Shaw (64 
C. E. Cutts (64 

Cooperative Education: 

Chairman: R. B. Auld, Fenn College 
Cleveland 15, Ohio 

V. Chairman: | I Knickerbocker, The 
Detroit Edison Co., Detroit, Micl 

Prog Chmn L.. L. Knickerbocker, The 
Detroit Edison Co., Detroit, Micl 

Secretary: G. W. Bergren, Purdue Uni 
versity, Lafayette, Ind 

Repr. on GC: J. L. Cain, Virginia Poly 
technic Institute, Blacksburg, Va 

Editor: G. W. Bergren, Purdue Univer 
sity, Lafave tte Ind 

Exec. Comm.: R. B. Auld, G. W. Bergren 
J. L. Cain, H. M. Dent, L. L. Knicker- 
bocker. 

Educational Methods: 

Chairman: H. A. Foecke 
Dame, Ind. 

V. Chairman: T. A. Boyle, Duke Univer 
sity, Durham, N. C. 

Prog. Chmn.: T. A. Boyle, Duke Univer 
sity, Durham, N. C 

Secretary: O, E. Lancaster, Pennsylvania 
State University, University Park, Pa 

Repr. on GC: C. E. Schaffner, Polytech- 
nic Institute of Brooklyn, Brooklyn, 
N. Y. 

Editor: O. E. Lancaster, Pennsylvania 
State University, University Park, Pa 

Exec Comm.: T. A Boyle, H. A. Foecke, 
W. K. LeBold, O. E. Lancaster, E. J 
Rising, C. E. Schaffner 
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Electrical Engineering: 

Chairman: B. J. Dasher, Georgia Institute 
of Technology, Atlanta, Ga. 

V. Chairman: K. K. Moore, University of 
New Mexico, Albuquerque, N. Mex. 
Prog. Chmn.: K. K. Moore, University of 
New Mexico, Albuquerque, N. Mex 
Secretary: G. A. Richardson, Worceste1 

Polytechnic Institute, Worcester, Mass. 

Repr. on GC: J. H. Mulligan, Jr., New 
York University, New York 53, N. Y. 

Editor: G. D. Sheckels, University of 
Massachusetts, Amherst, Mass. 

Exec. Comm.: W. B. Boast, B. J. Dasher, 
R. K. Moore, J. H. Mulligan, Jr., G. A 
Richardson. 

Engineering Economy: 

Chairman: N. N. Barish, New York Uni- 
versity, New York 53, N. Y. 

V. Chairman: G. J. Matchett, Illinois In- 
stitute of Technology, Chicago 16, IIl. 

Prog. Chmn.: G. J. Matchett, Illinois In- 
stitute of Technology, Chicago 16, IIl. 

Secretary: R. O. Swalm, Syracuse Uni- 
versity, Syracuse, N. Y. 

Repr. on GC: F. A. Gitzendanner, Ameri- 
can Oil Co., Whiting, Ind. 

Editor: Arthur Lesser, Jr., Stevens In- 
stitute of Technology, Hoboken, N. J 

Exec. Comm.: N. N. Barish, F. A. Gitzen- 
danner, G. J. Matchett, R. O. Swalm 

Engineering Graphics: 

Chairman: E. M. Griswold, The Cooper 
Union, Cooper Square, New York 3, 
N. Y 


V. Chairman: Matthew McNeary, Uni- 
versity of Maine, Orono, Maine. 

Prog. Chmn.: E. M. Griswold, The Cooper 
Union, Cooper Square, N. Y., and Mat- 
thew McNeary, University of Maine, 
Orono, Maine. 

Secretary: R. O. Loving, Illinois Institute 
of Technology, Chicago 16, Ill. 

Repr. on GC: J. S. Rising, Iowa State 
University, Ames, Iowa. 

Editor: Mary F. Blade, Editor of Journal 
of Engineering Graphics, Cooper Un- 
ion, New York 3, N. Y.; J. S. Dobro- 
volny, University of Illinois, Urbana, 
Ill. 

Exec. Comm.: E. M. Griswold, Matthew 
McNeary, R. O. Loving, Irwin Wlada- 
ver, J. S. Rising, E. G. Pare, B. L 
Wellman, E. D. Black, L. C. Christian- 
son, E. R. Weidhaas, J. S. Dobrovolny, 
Mary F. Blade, R. H. Hammond, R. D 
LaRue. 

English: 

Chairman: F. R. Smith, Air Force Insti- 
tute of Technology, Dayton, Ohio 

V. Chairman & Prog. Chmn.: W. G. 
Crouch, University of Pittsburgh, Pitts- 
burgh, Pa. 

Second V. Chairman: P. T. Bryant, Uni- 
versity of Illinois, Urbana, Il. 

Secretary: Sherwood Price, Michigan 
College of Mining and Technology, 


Houghton, Mich. 
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Editor: C. S. Johnson, Newark College 


of Engineering, Newark, N. J. 

Repr. on GC: J. W. Souther, University 
of Washington, Seattle, Wash. 

Exec. Comm.: P. T. Bryant, Warren Cra- 
ter, W. G. Crouch, C. S. Johnson, R. A. 
Sencer, Frank R. Smith, J. W. Souther 

Evening Engineering Education: 

Chairman: R. S. Ramsay, Carnegie In- 
stitute of Technology, Pittsburgh, Pa 

V. Chairman: F. R. Michael, Bell Tele- 
phone Laboratories, Murray Hill Labo- 
ratory, Murray Hill, N. J. 

Prog. Chmn.: 

Secretary: D. H. Mangnall, Newark Col- 
lege of Engineering, Newark, N. J. 
Repr. on GC: W. R. Turkes, University 

of Pittsburgh, Pittsburgh 13, Pa. 

Exec. Comm.: W. R. Turkes, R. S$. Ram- 
say, F. R. Michael, D. H. Mangnall. 

Graduate Studies: 

Chairman: E. E. Litkenhous, University 
of Kentucky, Lexington, Ky. 

V. Chairman: G. D. Lobingier, Westing- 
house Education Foundation, Pitts- 
burgh, Pa. 

Prog. Chmn.: E. E. Litkenhous, Univer- 
sity of Kentucky, Lexington, Ky. 

Secretary: T. L. Martin, Jr., University of 
Arizona, Tucson, Ariz. 

Repr. on GC: J. L. Meriam, University of 
California, Berkeley, Calif. 

Editor: P. N. Powers, Purdue University, 
Lafayette, Ind. 

Exec. Comm.: G. F. Corcoran, P. M. Fer- 
guson, P. N. Powers, R. C. Jordan, A. 
A. Brielmaier. 

Humanities and Social Sciences: 

Chairman: W. F. Edington, General Mo- 
tors Institute, Flint, Mich. 

V. Chairman: F. R. Smith, Air Force In- 
stitute, Wright Patterson Air Force 
Base, Ohio. 

Prog. Chmn.: J. B. Rae, Harvey Mudd 
College, Claremont, Calif. 

Secretary: Amy V. Hall, 6232 Wellington 
Ave., West Vancouver, British Colum- 
bia, Canada. 

Repr. on GC: W. F. Davenport, Harvey 
Mudd College, Claremont, Calif. 

Editor: Amy V. Hall, 6232 Wellington 
Ave., West Vancouver, British Colum- 
bia, Canada. 

Exec. Comm.: B. W. Whitlock, E. Neal 
Hartley, J. W. Souther, G. A. Gullette, 
Sterling P. Olmsted, W. F. Edington, 
F. R. Smith, J. B. Rae, Amy V. Hall, 
W. F. Davenport. 

Industrial Engineering: 

Chairman: A. R. Burgess, A & M Col- 
lege of Texas, College Station, Texas. 

V. Chairman: J. L. Imhoff, University of 
Arkansas, Fayetteville, Ark. 

Prog. Chmn.: J. L. Imhoff, University of 
Arkansas, Fayetteville, Ark. 

Secretary: R. N. Lehrer. Northwestern 
University, Evanston, III. 


Repr. on GC: R. G. Carson, Jr., North 
Carolina State College, Raleigh, N. C 

Editor: J. T. Elrod, University of Hous- 
ton, Houston, Texas. 

Exec. Comm.: A. R. Burgess, J. L. Im- 
hoff, R. N. Lehrer, R. G. Carson, Jr., 
Gerald Nadler, H. T. Amrine. 

Mathematics: 

Chairman: J. J. L. Hinrichsen, Iowa 
State University, Ames, lowa. 

V. Chairman: R. D. Larsson, Clarkson 
College of Technology, Potsdam, N. Y. 

Prog. Chmn.: J. J. L. Hinrichsen, Iowa 
State University, Ames, lowa 

Secretary: W. E. Restemeyer, University 
of Cincinnati, Cincinnati 21, Ohio. 

Repr. on GC: J. W. Cell, North Carolina 
State College, Raleigh, N. C. 

Editor: W. E. Restemeyer, University of 
Cincinnati, Cincinnati 21, Ohio. 

Exec. Comm.: J. J. L. Hinrichsen, R. D. 
Larsson, H. A. Giddings, W. E. Reste- 
meyer, Randolph Church, J. W. Cell 
Sam Selby. 

Mechanical Engineering: 

Chairman: A. B. Cambel, Northwestern 
University, Evanston, Ill. 

V. Chairman: A. S. Hall, Purdue Univer- 
sity, West Lafayette, Ind. 

Secretary: R. M. Phelan, Comell Univer 
sity, Ithaca, N. Y. 

Repr. on GC: V. L. Doughtie, University 
of Texas, Austin, Texas. 

Prog. Chmn.: A. S. Hall, Purdue Univer 
sity, Lafayette, Ind 

Exec. Comm.: A. B. Cambel, A. S. Hall, 
R. M. Phelan, V. L. Doughtie, Sergé 
Gratch, A. K. Oppenheim, L. F. 
Kreisle. 

Heat Power Subdivision: 

Chairman: A. K. Oppenheim, University 
of California, Berkeley, Calif. 

V. Chairman: C. J. Kippenham, Washing- 
ton University, St. Louis, Mo. 

Secretary: R. A. Gross, Columbia Univer 
sity, New York City, N. Y. 

Editor: T. P. Anderson, Northwestern 
University, Evanston, Ill. 

Machine Design ¢&> Manufacturing 

Processes Subdivision: 

Chairman: L. F. Kreisle, University of 
Texas, Austin, Texas. 

V. Chairman: J. P. Vidosic, Georgia Insti- 
tute of Technology, Atlanta, Ga. 

Secretary: F. H. Raven, University of 
Notre Dame, Note Dame, Ind. 

Editor: A. C. Dunk, Stanford University 
Stanford, Calif. 

Mechanics: 

Chairman: E. P. Popov, University of 
California, Berkeley, Calif. 

Prog. Chmn.: D. C. Drucker, Brown Uni- 
versity, Providence, R. I. 

Secretary: E. R. Johnston, Jr., Worcester 
Polytechnic Institute, Worcester, Mass 

Repr. on GC: J. O. Smith, University of 
Illinois, Urbana, III. 4 
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Editor: A. W. Davis, lowa State Univer- 
sity, Ames, Iowa. 

Exec. Comm. E. P. Popov, D. C. 
Drucker, E. R. Johnston, J. O. Smith, 
A. W. Davis, W. D. Jordan, F. P. Beer, 
E. C. Clark, E. J. Marmo, I. H. Shames. 

Mineral Engineering: 

Chairman: T. H. Kuhn, Colorado School 
of Mines, Golden, Colo. 

V. Chairman: Robert Maddin, University 
of Pennsylvania, Philadelphia, Pa. 

Prog. Chmn.: Robert Maddin, University 
of Pennsylvania, Philadelphia, Pa. 

Secretary: RK. M. Campbell, Alfred Uni- 
versity, Alfred, N. Y. 

Repr. on GC: Reinhardt Schuhmann, Jr., 
Purdue University, Lafayette, Ind. 
Exec. Comm.: T. H. Kuhn, Robert Mad- 

din, R. M. Campbell, Reinhardt Schuh- 
mann, Jr. 
Physics: 

Chairman: T. R. Cuykendall, Cornell Uni- 
versity, Ithaca, N. Y. 

V. Chairman: P. F. Bartunek, Colorado 
School of Mines, Golden, Colo. 

Prog. Chmn.: Robert Keller, U. S. Air 
Force Academy, Colo 

Secretary: Robert Keller, U. S. Air Force 
A idemy, Colo. 

Repr. on GC: F. E. Myers, Argonne Na- 
tional Laboratory, Argonne, III. 

Editor: C. E. Bennett, University of 
Maine, Orono, Maine 

Exec. Comm.: L. W. Cochran, University 
of Kentucky, Lexington, Ky.; R. J. Em- 
rich, Lehigh University, Bethlehem 
Pa.; J. G. Potter, Texas A & M Colleg 
College Station, Texas; M. W. White, 
Pennsylvania State University, Univer- 


sity Park, Pa. 


OFFICERS OF SECTIONS, 


Allegheny: 

Chairman: O. E. Lancaster, Pennsylvania 
State University, University Park, Pa 

V. Chairman: R. D. Fowler, West Vir- 
ginia University, Morgantown, W. Va 

Secretary: R. FE. McCord, Pennsylvania 
State University, University Park, Pa 

Repr. on GC: H. D. Sims, Bucknell Uni- 
versity, Lewisburg, Pa. (1963). 


Illinois-Indiana: 


Chairman: E. W. Jerger, University ot 
Notre Dame, Notre Dame, Ind. 

V. Chairman: H. L. Solberg, Purdue Uni 
versity, Lafayette, Ind 

Secretary-Treas.: C. W. Allen, University 
of Notre Dame, Notre Dame, Ind. 

Institutional Reprs.: Bradley: Milton L. 
Vogel; Illinois Institute of Technology 
A. A. Fejer; University of Ilinois: W 
E. Miller: Northwestern ]. O. Oster 
berg: University of Notre Dame: L. I 
Stauder: Purdue: M. B. Scott; Rose 
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Relations with Industry: 

Chairman: B. C. Baker, Minnesota Mining 
& Manutacturing Co., St. Paul 6, Minn. 

Secretary: C. H. Ebert, Westinghouse 
Electric Corp., East Pittsburgh, Pa. 

V. Chairman: H. E. Heath, Western Elec- 
tric Co., 220 Church St., New York 13, 
ep 

Prog. Chmn.: Stanley Little, Aero-Space 
Division, Boeing Co., Seattle 24, Wash. 

Repr. on GC: D. E. Irwin, General Elec- 
tric Co., 1 River Road, Schenectady 5, 
N. Y. 

Editor: RK. O. Darling, General Motors 
Corporation, Detroit 2, Mich. 

Exec. Comm.: B. C. Baker, H. E. Heath, 
D. E. Irwin, C. H. Ebert, R. O. Darling, 
H. E. McCallick, R. J. Panlener, P. H. 
Robbins, David Thomas, F. E. Allen, 
D. A. Fischer, H. G. Goehring, Cor- 
nelius Wandmacher. 

Technical Institute: 

Chairman: H. H. Kerr, Ryerson Institute 
of Technology, Toronto, Ontario, Can- 
ada. 

V. Chairman: H. C. Rountree, Purdue 
University, Lafayette, Ind. 

Prog. Chmn.: H. C. Rountree, Purdue 
University, Lafayette, Ind. 

Secretary: E. W. Smith, Cogswell Poly- 
technic College, San Francisco, Calif. 
Repr. on GC: A. Ray Sims, University of 

Houston, Houston, Texas. 

Editor: H. Walter Shaw, McGraw-Hill 
Book Co., New York, N. Y. 

T'reas.: D. C. Metz, University of Dayton, 

Yayton, Ohio. 

Exe Comm.: H. H. Kerr, D. C. Metz 
H © Rountree, H. Walter Shaw, A 
Ray Sims, E. W. Smith. 


1961-1962 


Polytechnic Institute: R. M. Arthur; 
Valparaiso University: Wm. Shewan. 

Repr. on GC: R. | Gibbs, Br idley Uni- 
versity, Peoria, Ill 1962 


Kansas-Nebraska: 

Chairman: P. G. Kirmser, Kansas State 
University, Manhattan, Kansas. 

V. Chairman: R. E. McKinney, Univer- 
sitv of Kansas, Lawrence, Kansas 

V. Chairman & Program Chairman: D. J] 
Nelson, University of Nebraska, Lin- 
coln, Nebr. 

Secretary: E. E. Williams, University of 
Wichita, Wichita, Kansas 

Repr. on GC: C. K. Razak, University 
of Wichita, Wichita, Kansas 1963 


Michigan: 
Chairman: J. S. Johnson, Wayne State 
University, Detroit, Mich. 
V. Chairman: W. F. Edington, General 
Motors Institute, Flint, Mich. 
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Secretary-Treas.: K. E, Smith, University 
of Detroit, Detroit, Mich. 

Repr. on GC: M. M. Ryan, Lawrence In- 
stitute of Technology, Southfield, Mich 
( 1962 ) 

Exec. Comm.: J. S. Johnson, W. F. Eding- 
ton, K. E. Smith, M. M. Ryan, R. O. 
Darling, C. E. Cutts. 

RWI Liaison: R. O. Darling, General Mo- 
tors Technical Center, Warren, Mich. 

Middle Atlantic: 

Chairman: J. G. Truxal, Brooklyn Poly- 
technic Institute, Brooklyn, N. Y. 

V. Chairman: Larry Dwon, American Gas 
& Electric Service Corp., New York 8, 
N. Y. 

Secretary-Treas.: A. A. Kuebler, Rutgers 
University, New Brunswick, N. J. 
Repr. on GC: F. L. Singer, New York 
University, New York 53, N. Y. (1963 
YET Subchmn.: G. W. Zuspan, Drexel 
Institute ot Pee hnology, Philace Iphi i 

Pa. 
Missouri-Arkansas: 

Chairman: J. L. Imhoff, University of Ar- 
kansas, | aye tteville, Ark. 

Ist V. Chairman: N. C. Burbank, Wash 
ington University, St. Louis, Mo 

2nd V. Chairman: R. E. Nolte, Missouri 
School of Mines & Metallurgy, Rolla 
Mo. 

Secretary: L. R. Kirby, University of Ar- 
kansas, Faye ttey ille B Ark 

Repr. on GC: J. C. Hogan, University of 
Missouri, Columbia, Mo. (1963 

Exec. Comm.: J. L. Imhoff, N. C. Bur- 
bank, R. E. Nolte, L. R. Kirby, 55.4 
Hogan. 

RWI Liaison: D. A. Fischer, Washington 
University, St. Louis, Mo. 

National Capital Area: 

Chairman: G. H. Hickox, 10 Allwood Ct 
Mt. Vernon Park, Alexandria, Va. 

V. Chairman: R. M. Johnston, U. S 
Naval Academy, Annapolis, Md. 

Secretary: F. A. Biberstein, Catholic Uni- 
versity of America, Washington, D. C 

Repr. on GC: H. H. Armsby, Federal 
Office Building No. 6, 4th & Maryland 
Ave. S.W., Washington, D. C. (1962). 

Exec. Comm.: G. H. Hickox, R. M. John- 
ston, F. A. Biberstein, H. H. Armsby. 

New England: 
Chairman: H. Russell Beatty, Wentworth 
Institute, Boston, Mass 

Secretary: K. E. Scott, Worcester Poly- 
technic Institute, Worcester, Mass. 

Repr. on GC: J. S. Marcus, University of 
Massachusetts, Amherst, Mass. (1963 

Physics Liaison: C. E. Bennett, University 
of Maine, Orono, Maine 

RWI Liaison: James Jagger, Arthur D 
Little Co., 15 Acorn Park, Cambridge 
Mass. 


North Midwest: 


Chairman: F. C. Mirgain, North Dakota 


State University, Fargo, N. Dak. 
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V. Chairman: D. H. Madsen, State Uni- 
versity of lowa, lowa City, lowa. 

Secretary: J. A. Oakey, North Dakota Stat 
University, Fargo, N. Dak 

Repr. on GC: P. A. Cartwright, Univer 
sity of Minnesota, Minneapolis, Minn 
( 1962 ‘ 

YET: Eivind Horvik, North Dakota Stat 
University, Fargo, N. Dak 

Exec. Comm.: L. ]. Larson, A. T. Lex 
D. P. Naismith, S. S. Barich, M. | 
Millett, R. J. Kipp, C. E. Work. 

RWI Liaison: C. E. Work, Michigan Col 
lege of Mining and Technology, Houg] 
ton, Mich. 

Archivist A.C. Peterson, lowa Stat | 
versity, lowa City, lowa 

Ohio: 

Chairman: L. F. Hicks, College of \y 
plied Sciences, Ohio University, Ath 
Ohio. 

V. Chairman: L. J. Archer, Ohio Nort 
University, Ada, Ohio 

V. Chairman: R. ]. Anderson, Battel 
Memorial Institute, Columbus, Ohio 

Secretary: P. T. Yarrington, The O 
State University, Columbus, Ohio 

Rep on Cf I: * ( lark Ohio St 
University, Columbus, Ohio (1963 

Exec. Comm.: L. F. Hicks, L. J. Arche 
R. J. Anderson, P. T. Yarrit a 
Clark, R. S. Green 

RWI Liaison: R. J. Anderson, Battell 
Memorial Institute, Columbu QO} 

C. W. Taylor, General Motors, Cle 
land, Ohio. 

Physics Liaison: ]. ]. Turin, University of 
Toledo, Toledo, Ohio 

Pacific Northwest: 

Chairman: L. D. Luck, Washington Stat 
University, Pullman, Washington 

V. Chairman: FE. G. Pare, Washingt 
State University, Pullman, Wash 

V. Chairman: P. T. Meier, Oregon Te 
nical Institute, Klamath Falls, Or 

Secretary: D. A. Seaman Washingt 
State University, Pullman, Wash 

Repr. on GC: G. J. Herman, Mont 
State College, Bozeman, Mont 1962 

Pacific Southwest: 

Chairman: A. C. Ingersoll, University of 
Southern California, Los Angeles, Calif 

V. Chairman: R. K. Linsley, Stanford U1 
versity, Stanford, Calif 

V. Chairman for Meetings: C. R. Freber 
University of Southern California, Lo 
Angeles, Calif. (1963 

V. Chairman for Studies: C. H. Lewi 
Orange Coast Colle re Costa Mesa 
Calif. (1963). 

Repr. on GC: Bonham Campbell, Univer 
sity of California, Los Angeles, Calif 
(1963) 

Secretary: W. D. Mellvaine, 
of California, Los 
(1963). 

V. Chairman for Affairs: H. P. Skamser, 
California State Polytechnic Colleg 
Pomona, Calif. (1962 


University 
Ange le Ss Calit 
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V. Chairman for Projects: J. S. Campbell, 
University of California, Berkeley, 
Calif. (1962 

Editor: Commander B. H. Bush, U. S. 
Navy Electronics Laboratory, San 
Diego, Calif. (1962 

Exec. Comm.: C. E. Crede, Joseph Cry- 
den, C. F. Garland, Jack Kadushin, 
H. P. Nielsen, R. W. Waymack, W. I 
Wilson R. |. Parde Ih 

Rocky Mountain: 

Chairman: H. E. Johnson ILI, University 
of Colorado, Boulder, Colo 

V. Chairman: C. G. Clyde, University of 
Utah, Salt Lake City, Utah. 

Secretary: A. W. Knott, University of 
Colorado, Boulder, Colo 

Repr. on GC: W. H. Parks, University of 
Denver, Denver, Colo 1962); ( Alter- 
nate Repr. on GC; BR. D. LaRue, Colo 
rado State University, Fort Collins 
Colo. ). 

RWI Liaison: G. W. LeMaire, Colorado 
School of Mines. Golden. Colo. and 
D. H. Baker, Brigham Young Uni 
versity, Provo, Utah 

English Liaison A. H. Frietzsche Utah 
State University, Logan, Utah 

YEI Sube hmn | M. Lon University I 
Wvyoming, Laramie, Wyo 


Southeastern: 
President: L. E. Schoonmaker, University 
of Florida, Gainesville, Fla 
Secretary-Treas.: J. A. Bennett, Univer 
sity of Alabama, University, Ala 


Repr. on Gt ]. S. Brown, Tennessee 
Polytechnic Institute, Cookeville, Tenn 
1963 

YET Representative l. A. Mannings | 
Louisiana State University Baton 


Rouge, La 
Administrative Unit 
Chairman: H. C. Simrall, Mississippi 
State University State Coll ce Miss 
V. Chairman: F. H. Pumphrey, Auburn 
University, Auburn, Ala 
Secretary: F. H. Fe Louisiana State 
University, Baton Rouge, La. 
Instruc tional [ nit 
Chairman: Charley Scott, Mississipy 
State University, State College, Mi 
V. Chairman: W. R. MelIntosh, Univer 
sity of Louisville, Louisville, Ky. 
Secretary R M Hollub Unive it oF 
Alabama, University Ala 
Research Unit 
Chairman P. H. McDon ld |r North 
Carolina State Colle Raleigh. N. C 
V. Chairman: C. E. Littleiohn, Clemsor 
University, Clemson, S. C 
Secretary VW M Ne ile Ir U 
of Alabama, University, Ala 
Treasurer: M. FE. Forsman, University of 
Florida, Gainesville, F] 
Liaison with 
Phusics: A. C. Meni if 
State Colle 
RWI \\ I Citt I nnesset I istman 
Corp 


niversity 


North Carolina 
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Humanities: E. W. Paul, University of 
Louisville. 

Grad. Study: R. S. Rowe, Vanderbilt Uni- 
versity. 

Coop. Engr.: S. E. 
Louisville. 

Educ Methods: ¥ 
University. 

Chem. Engr.: W. D. Threadgill, Vander- 
bilt University. 

Civil Engr.: D. H. McLean, University of 
Alabama. 

Elec. Engr.: R. D. Bourne, Vanderbilt 
University. 

Engr. Graphics: W. E 
University. 

Ener. Mechanie S: W. | . 
sity of Florida. 

Mech. Engr.: J. W. Lindau, University of 
South Carolina. 

Math.: J. ¢ Thurman, Vanderbilt Uni- 
versity 

lero I Ler... 


Fisher, University of 


K. Kraybill, Duk 


Dessauer, Tulane 


Sawyer, Unive I- 


R. G. Pitts, Auburn Univer- 
sity, 

Indus. Eng R. G. Carson, Ir.. 
Carolina State College 

Southwest: 

Chairman: I. W. Roark, University of 
Culsa, Tulsa, Okla. 

V. Chairman: J. H. Lawrence, Jr., Texas 
rechnological ¢ oll Ve, | ubbox k. iv Xas 

Secretary: Jack Lenhart, University of 
Texas, Austin, Texas. 

Repr. on GC: Frank Bromilow, New 
Mexico State University, University 
Park, N. Mex 1962 

RWI Liaison: R. M. Adams, University 
of Houston, Houston, Texas 

Physics Liaison: H. E. Harrington, Okla- 
homa State University, Stillwater, Okla. 

Exec. Comm.: I. W. Roark, J. H. Law- 
rence, Jr., Jack Lenhart, Frank Bromi- 
low plus i repli ot each school: A. I 
De Vaney; J. J. Haynes: R. M. Adams; 
B. R. Henry; C. Q. Ford; C. T. Grac: 
| B. Robson; J. J. Tuma; H. K 
Bone; C. L. Wilson; Le Van Griffis 
J. W. Harkey; G. D. Hallmark: J. H 
Lawrence, Jr.; J. A. Seanlan; Walter 
Ducoff; J. C. Klotz; P. W. Treptow, Jr 

Upper New York-Ontario: 

Chairman: F. H. Gertz, Alfred University, 
Alfred, N. y 2 

V. Chairman: G. A 
Institute of Technology, 

% 2 

Secretarty- Tre as (, F 
Universitv, Alfred, N. ¥ 

Repr. on GC: R. B. Russ. Union Colle 
Schenectady, N ¥. 1962 

Eve Comm.: F. H. Gertz. G. A. Brown 
G. F. Burdick, R. B. Russ, R. L. Dis- 
ney €; M Fogel. 

RWI Liaison: A. M. Demont, Manager 
Program Development, General Elec- 
tric Laboratories, General Electric 
Corp.. Schenectady, N. Y 

Editor: G. L. Tones. JTr.. Clarkson College 
of Technology, Potsdam. N. Y 


North 


Brown, Rochester 
Rox he ster, 


Burdick, Alfred 
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OFFICERS OF BRANCHES 1961-62 


University of Alabama: 

Chairman: E. J. Finnell, Jr.; Vice Chair- 
man: H. W. Ahrenholz and A. E. Car- 
den; Secretary: E. K. Landis 

Clarkson College of Technology: 

Chairman: W. P. Harrison; Vice Chair- 

man and Secretary: A. R. Martin 
Colorado School of Mines: 

Chairman: T. W. Pohrte; Vice Chairman 
E. F. Ferrell; Secretary: C. G. Nord 
quist; Executive Committee: O. H 
Lentz, J. H. Gary, C. O. Frush 

University of Colorado: 

Chairman: R. E. West; Vice Chairman 
Duane Ball; Secretary: RK. A. Christo 
pher 

University of Detroit: 

Chairman: S. R. Uniechowski; Vice Cha 
man ( cS Cooley; Secretary | \ 
Perdus 

University of Florida: 

Chairman: J. E. Griffith; Vice Chairman 

E. W. Jacunski; Secretary: FE. W. Kopp 
University of Illinois, Navy Pier Div.: 

Chairman: M. V. J]. Dembski; Secretary 

a ildario: Treasurer: H. A. Setton 
Lafayette College: 

Chairman I Le 
man: Vincent Forss; Sec 
urer: R. A. Conover 


McGeady Vice Chair 


retary-Treas 


University of Maine: 
Chairman: Richard E. Durst; Vice Chair 
man: Otis J. Sproul; Secretary: Waldo 
M. Libbey 
Michigan College of Mining and 
Technology: 
Chairman: Walfrid Been; Vice Chairman 
H. B. Anderson; Secretary: J. H. But 
ler 


University of Minnesota: 
Chairman: E. S. Loye; Secretary: R. D 
Springer; Treasurer: H. S. Jerabek 
Northeastern University: 
Chairman: P. A. Marino; Vice Chairman 
R. I. Carter 
North Carolina State College: 
Chairman: R. W. Llewellyn; Secretart 
J I. See ly 
Ohio State University: 
Chairman: | ( Clark; Executive Con 
mitter R. S. Green, Hamilton G1 
H. W. Shupe, R. H. Zimmerm 
Pennsylvania State University: 


Chairman: 1. W. Caldwell: S etal | 
L.. Minder 
Purdue University: 
Chairman | \ Ritcher Vice Cl 
mat P | Shannon; Secretary I | 


Wellman; Treasurer; A. G. Altscha 
YET Representative: W A. Gustat 
Agricultural and Mechanical College of 

Texas: 

Chairman R. H. Fletcher Vice Cha 
man: J. P. German; Secretary: |. H 
vey Caddess 

University of Tennessee: 

Chairman: P. F. Pasqua; $ t 

urer: G. W. Hothman 
Foledo Branch: 

Chairman: W. V. Bur: Foledo S 
for kngineerin Eeducatior 250 
Bancroft St., Toledo, Ohio 

Washington State University: 

( hairman | \ Robe rson Vice Cl 
man . @ Powell; Secretary R. | 
Brun 

University of Washington: 

Chairman: | D. Robbins; Vice Chai 
man: W. L. Dunn 
urer: M. E. Childs 


Representatives of the Society 


to Other Organizations 


American Association for the Advance- 
ment of Science: 
Representatives to Council: D. E. Mar- 
lowe, H. A. Meyerhoff. Alternates: L 
Kk. Grinter, J. G. Potter. 
Cooperative Committee on Teaching of 
Science and Mathematics: J. W. Cell 
American Council on Education: 
W. T. Alexander (1962), R. W. Van 


Houten (1962), A. B. Drought (1963) 
L. R. Quarles (1963), H. H. Armsby 
(1964), K. L: 


Holderman (1964) 


American Public Health Association: 
Committee on Trainin: John Kiker 
American Sanitary Engineering Inter- 

society Board: 

H. B. Gotaas 1962 Pa. Mek 
(1963), G. M. Fair (1964 

American Standards Association: 

A62—Coordination of Dimensions — of 
Building Materials and Equipment: | 
I. Branch, Leonard Wolf 

BS7—Decimalized Measure: FE. D. Black 





Fe 1962 


Y 1—Abbreviations: |. H Porsch 
Y14—Drawing and Drafting Room Prac- 
tice: F. L. Spalding, ’. C. Higbee, W 
J. Luzadder, R. S. Paffenbarger, H. ¢ 
Spencer, ( I Svenson, C. | Vierck 
¥15—Graphic Presentation: | \. Hea 
cock, , a Levens R () Loving R Ss 

Paflenbarger 
Y32Z Graphie Symbol and Drawings 
1. L. Hill, J. G. McGuire, R. T. Nortl 
rup 
International Standards Association 
1'C37: R.S. Paflenberger 
Associated General Contractors of Amer- 
ica, Inc.—ASEE Joint Committee: 
R. H. Clough 1962 Ellis Danne 
1962 kK. Hi. Karret 1962 B. M 
Davidson 1964 ( H. Odglesby 
1963 \W \\ Dornber 


163 

Engineers’ Council for Professional 
Development: 
Representative 


( J. Freund 196 W. | kiveritt 


1964 

kxecutive Committ \\ | | ritt 
1964 

Development f Youn kn wer B. ( 


Baker, R. A. Emerson, H. A. Fe k 
W. D. Mellvaine, G. I Moore, |. | 
Roberson. S. P. Shackleto 

Education and Accreditation: R. | ka 
dum, R. N. Hermes J. S. McNown 

Lith WwW. W Burtor N A. Christer 
en, John Gammel 

Guidance ( | Dr h I \ B Dro 


Information: P. T. Br 

Recognition: N. W hie 

Student Devel pment: KR. 1 Armingto 
V. L. Doughtie, William Hazell, A. 1 
Hellwarth 


Engineers Joint Council: 
Board of Directors: KR. H. Ro 2 vear 
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N. A. Hall, Alternate (one year), R 
W. Van Houten, ex officio. 

Constitution and Bylaws: C. A. Brown. 

Engineering Manpower: H. H. Armsby 
H. R. Beatty, A. B. Bronwell, Alter- 
nates: William Hazell, D. C. Metz 

Finance: W. W. Burton 

International Relations: Merl Baker, G. 
R. Fitterer, F. M. Tiller. 

Membership: W. Leighton Collins 

Planning: H. K. Work. 

Public Relations: C. K. Arnold 

Engineering Information Services: G. §S 
Bonn, J. P. McGowan 

Government Liaison: E. L. Keller 

Editorial Advisory Engineer’: H. F. 
Roemmek 

Technical Advisory Engineer’: W. G 
Stone 

Editors: P. T. Bryant 

( omputation and Info miation Pro essing 
Sustems D | | iird 

Technical Planning: G. A. Marston 

National Water Policy Panel: S. B. Morris 

Secretaries: W. | Collins 

Vl ho’ VW ho in Engineer ng \W | ( ol- 
lins 

National Council of State Boards of 

Engineering Examiners: 

National Bureau of Engineering Registra- 
tion: E. R. Whitehead 


National Research Council: 
Member of Division of Engineering and 
Industrial Research: R. ]. Martin 
Ve mber at Large K. F. Wendt 
Advisory Board of the Office of Critic 
Tables: Glenn Murphy (1964 
Future Scientists and Engineers of 
America: 
H. H. Armsby 
Institute for International Education: 
Conference Continuation Committee: K 
C. Harder, Alternate VW | Collins 
United States National Commission for 
UNESCO: J. G. Young 








GEOGRAPHICAL LISTING OF ACTIVE AND 
AFFILIATE INSTITUTIONAL MEMBERS 
BY SECTIONS 


Allegheny Section 
including Pittsburgh & vicinity 


Alliance Tech. Inst. 

Bucknell Univ. 

Carnegie Inst. of Technology 
Hershey Jr. Coll. 

Lincoln Univ. 

Pennsylvania State Univ. 
Pittsburgh, Univ. of 

Westinghouse Tech. Night School 
West Virginia Univ. 

West Virginia Inst. of Technology 


Illinois-Indiana Section 


Bradley Univ. 

DeVry Tech. Inst. 
Illinois Inst. of Technology 
Illinois, Univ. of 

Lain Tech, Inst. 
Northwestern Univ. 
Notre Dame, Univ. of 
Principia Coll. 

Purdue Univ. 

Rose Poly. Inst. 
Southern Illinois Univ. 
‘alparaiso Tech. Inst. 
Valparaiso Univ. 


Kansas-Nebraska Section 


Kansas, Univ. of 

Kansas State Univ. 

Kansas State Coll. of Pittsburg 
Nebraska, Univ. of 

Omaha, Univ. of 

Wichita, Univ. of 


Michigan Section 
Chrysler Inst. of Eng. 
Detroit, Univ. of 
Flint Jr. Coll. 
Michigan State Univ. 
Michigan, Univ. of 
Wavne State Univ. 
Western Michigan Univ. 


Middle Atlantic Section 
(including Brooklyn and vicinity, New York and 
vicinity, and Philadelphia and vicinity 

Academy of Aeronautic 

3rooklyn, Poly. Inst. of 

City Coll. of the Coll. of the City of N. Y. 
Columbia Univ. 
Cooper Union 
Delaware, Univ. of 
Drexel Inst. of Technology 
Fairleigh Dickinson Univ. 
Hofstra Coll 

Lafayette Coll. 

Lehigh Univ. 

Manhattan Coll. 
Monmouth Coll. 

Newark Coll. of Eng. 
New York Comm, Coll. 
New York Un 

Penn. Military ¢ 
Pennsylvania, Un of 
Pratt Inst. 

Princeton Univ 

RCA Institutes 

Rutgers Univ. 

Spring Garden Inst 
Stevens Inst. of Technology 

Swarthmore Coll. 

Temple Univ. (Community Coll. & Tech. Inst 





Union Ir. ¢ 

Villanova Univ. 

Webb Inst. of Naval Architecture 
( 


York Stat 


Missouri-Arkansas Section 


Arkansas Poly. Inst. 
Arkansas State Coll 
Arkansas State Teachers Cx 
Arkansas, Univ. of 
Central Tech. Inst. 
Missouri School of Mines 
Missouri, Univ. of 

Saint Louis Univ. 
Southern State ¢ 
Washington Univ. 


National Capital Area Section 


tapitol Radio Eng. Ins 
l v. of Ame 


t. 
itholic Uni ca 


( 

( I 
George Washington | 

Howard Univ. 

Johns Hopkins Univ. 

Maryland niv. of 


New England Section 


Bridgeport Eng. Inst. 
Brown Univ. 

Connecticut, [ f 
Dartmouth ¢ 

Franklin Tech, Inst 
Harvard Univ. 

Hillver Coll. 

Lowell Technological Inst 
Maine, Univ. of 
Massachusetts, Univ. of 
Massachusetts Inst. of Tech 


Merrimack Coll, 

New H mpshire Univ. of 
Northeastern Univ 
Norwich Univ. 

Rhode Island, Univ. of 
Tufts Univ. 

Vermont, Univ. of 
Ward School of Electr 
Wentworth Inst. 
Worcester Poly. Inst. 
Yale Univ. 


North Midwest Section 


Iowa State Univ. 

lowa, State Univ. of 
Marquette Univ. 
Michigan Coll. of Mining & T 
Milwaukee School of Eng 
Minnesota, Univ. of 

North Dakota State Univ. 
North Dakota, Univ. of 
South Dakota State ( 
Stout State Col 
Wisconsin, Univ. of 


Ohio Section 


Air Force Inst. of Technolog 
kron, Univ. of 

Antioch Coll. 

Case Inst. of Technol 

Cincinnati, Univ. of 

Dayton, Univ. of 

Fenn Coll. 

Ohio Coll. of Applied Sci 

Ohio Northern Univ. 

Ohio State Univ. 
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Sinclair Coll. 
Toledo, Univ. of 
Youngstown Univ. 


Pacific Northwest Section 
State Coll, 
Univ. of 
School of 
Coll. 


Idah« 

Idaho, 
Montana 
Montana State 


Mine 


North Idaho Jr. Coll. 
Oregon State Coll. 
Oregon Tech, Inst. 


Portland State Coll. 
Washington State Univ. 
Washington, Univ. of 

Pacific Southwest Section 


\rizona, Univ. of 





California, Univ. of ( Berke 
California, Univ. of (Los Ar 
California Inst. of Technol 
Chico State Coll. 
Cogswell Poly. Inst. 
Electronic Tech. Inst. 
Fresno State Coll 
Harvey Mudd Coll. 
Lor Beach State ¢ 
Modesto Jr. (¢ i 
Nevada, Univ. of 
. throp Inst. of Techr 
imento State ¢ 
D State ( 


San Jose State 





Santa Clara, Univ. of 

Southern Calif Univ. of 
Stanford Univ. 
. S. Naval P 


t Graduate Scl 


Rocky Mountain Section 


Brigh Young Univ. 

( I School of Mir 

Colorado State Univ. 

Colorad Univ f 

Denver, Univ. of 

Ft. Lewis Ag. & Mech. ¢ 

Pueblo Coll. 

South Dakota School of M & Technology 

U. S. Air Force Acad 

Utah, Univ. of 

Utah State Univ. 

Weber Coll 

Westminster Coll. 

Wvon g, Univ f 
Southeastern Section 

\labam Univ. of 

Aul Unis 

\ Peavy State ¢ 

Citadel, The 

Char e ( tv ¢ 

Clemson Col 

Duke Un 

Embry-Riddle Aer Inst 

Florida State Unis 

Florida, Univ. of 

( rgia Inst. of Technol 

Kentucky, Univ. of 

Louisiana Poly. Inst. 

Louisiana State Univ. 

Louisville, Univ. of 


State Uni 
Univ. of 


Mempl 
Miami, 


LISTING OF MEMBERS BY SECTIONS 


Mississippi State Univ. 
Mississippi, Univ. of 

North Carolina State Coll. 
Rollins Coll. 

South Carolina, Univ. of 
Southern Tech. Inst. 
Southwestern Louisiana, Univ. of 
rennessee Poly. Inst. 

Tennessee, Univ. of 


Fennessee Wesleyan Coll. 

Tulane Univ. 

Vanderbilt Univ. 

Virginia Military Inst 

Virginia Poly. Inst. 
Univ. of 


Virginia 
Walker 


Southwest Section 


Amarillo Coll. 
Arlington State Coll. 


East Texas State ( 

Eastern New Mexico Univ. 
Houston Coll. of Technol 
Houston, Univ. of 

Lamar State Coll. of Techn 
New Mexico, Univ. ot 
New Mexico State Univ. 
New Mexik Western Col 
Oklahoma City Univ. 
Oklahoma State Univ. 
Oklahoma, Univ. of 


Prairie View Ag. & Mech. Coll. 
Wm. Marsh Rice Univ 

Sar tonio Coll 

Southern Methodist 

Texas, Ag. & Mech. Coll. of 
Texas Coll. of Arts & Industry 
I lech. Coll. 

Texas, Univ. of 

Texas Western Coll. 

Trinity Unis 

I 





i, Univ. of 


Upper New York-Ontario Section 


Buffalo, Univ. of 
Clarkson Coll. of Techr 
Cornell Univ 

Ecole Poly. 

Erie County Tech. Inst. 
McGill Univ. 


Mohawk Vallev Tech 
New York State Coll 


Queens Univ. 
Rensselaer Poly. Inst. 
Rochester Inst. of Technolog 
Rochester, Univ. « 
State Univ. of N. Y. Ag. & Tech. Inst 
it Alfred 
it Canton 
it Farn gdale 
S\ cuse Univ 
Toronto, Un f 
Union Coll 
Unassigned 


Alaska, Univ. of 


Danmarks, Ingeninakadem 

Hawaii, Univ. of 

Nigerian Coll. of Technology 

Nova Scotia Tech. Coll. 

Puerto Rico, Univ. of 

Robert College 

Technion—Israel Inst. of Technology 


versidad de Guavajuat 


> 
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SOCIETY RECORDS 


PAST OFFICERS AND COUNCIL MEMBERS 


PRESIDENTS 


De Volson Wood,* 1893-94 
George F. Swain,*® 1894-95 
M. Merriman,® 1895-96 
Henry T. Eddy,* 1896-97 
John B. Johnson,* 1897-98 

T. C. Mendenhall,® 1898-99 
Ira O. Baker,® 1899-1900 
Frank O. Marvin,® 1900-01 
Robert Fletcher,® 1901-02 
Calvin M. Woodward,*® 1902-03 
C. Frank Allen,’ 1903-04 
Fred W. MeNair,® 1904-05 
Charles L. Crandall,* 1905-06 
Dugald C. Jackson,* 1906-07 
Charles S. Howe,* 1907-08 
Fred. E. Turneaure,® 1908-09 
Henry S. Munroe,® 1909-10 
Arthur N. Talbot,’ 1910-11 
Wm. G. Raymond,*® 1911-12 
Wm. T. Magruder,’ 1912-13 
G. C. Anthony,® 1913-14 
Anson Marston,*® 1914-15 
Henry S. Jacoby,® 1915-16 
George R. Chatburn,® 1916-17 
Milo S. Ketchum,*® 1917-18 
John F. Hayford,*® 1918-19 

A. M. Greene, Jr.,* 1919-20 
Mortimer E. Cooley,* 1920-21 
C. F. Scott,* 1921-22, 1922-23 
P. F. Walker,® 1923-24 

A. A. Potter, 1924-25 


G. B. Pegram,® 1925-26 


* Deceased 


O. M. Leland, 1926-27 

R. L. Sackett,* 1927-28 

D. S. Kimball,® 1928-29 

R. I. Rees,* 1929-30 

H. S. Boardman, 1930-31 
H. S. Evans,* 1931-32 

R. A. Seaton, 1932-33 

W. E. Wickenden,® 1933-34 
C. C. Williams,® 1934-35 
D. S. Anderson,® 1935-36 
H. P. Hammond,?® 1936-37 
S. B. Earle, 1937-38 

K. T. Compton,*® 1938-39 
O. J. Ferguson, 1939-40 

D. B. Prentice, 1940-41 

A. H. White,° 1941-42 

H. T. Heald, 1942-43 
Robert E. Doherty,® 1943-44 
Harry S. Rogers,® 1944-45, 1945-46 
H. O. Croft, 1946-47 

C. E. MacQuigg,® 1947-48 
C. J. Freund, 1948-49 
Thorndike Saville, 1949-50 
F. M. Dawson, 1950-5] 

S. C. Hollister, 1951-52 
W. R. Woolrich, 1952-53 
L. E. Grinter, 1953-54 

N. W. Dougherty, 1954-55 
M. M. Boring, 1955-56 

W. L. Everitt, 1956-57 

F. C. Lindvall, 1957-58 
W. T. Alexander, 1958-59 
b. R. Teare, Jr., 1959-60 
Eric A. Walker, 1960-61 
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VICE PRESIDENTS (SINCE 1930) 


E. A. Hitchcock,® Ed. Bennett,* 1929-30 

C. Francis Harding,® R. A. Seaton, 1930-31 

D. S. Anderson,® H. H. Jordan, 1931-32 

Paul Cloke, H. S. Rogers,* 1932-33 

F. V. Larkin, B. M. Brigman,* 1933-34 

H. P. Hammond,® Geo. C. Shadd,*® 1934-35 

P. H. Daggett, S. B. Earle, 1935-36 

Ivan C. Crawford, Sada A. Harbarger,® 1936-37 

K. T. Compton,® F. C. Bolton, 1937-38 

G. W. Case, M. L. Enger,® 1938-39 

R. W. Sorensen, D. B. Prentice, 1939-40 

E. L. Moreland,® L. E. Conrad, 1940-41 

H. T. Heald, F. L. Eidmann,® 1941-42 

C. E. MacQuigg,® B. M. Woods, 1942-43 

A. R. Cullimore,* H J. Gilkey, 1943-44 

N. W. Dougherty, H. M. Crothers, 1944-45, 1945-46 
J. R. Killian, E. B. Norris, 1946-47 

C. J. Freund, 1946-1948, Thorndike Saville, 1948-49 
S. S. Steinberg, 1947-49, B. J. Robertson, 1947-50 
F. M. Dawson, 1946-50 

H. H. Armsby, 1949-51, F. E. Terman, 1949-51 

L. E. Grinter, 1950-52, G. A. Rosselot, 1950-52 

M. M. Boring, 1951-53, J. H. Lampe, 1951-53 

E. A. Walker, 1952-54, W. C. White, 1952-54 

W. L. Everitt, 1953-55, B. R. Teare, Jr., 1953-55 

L. J. Lassalle, 1954-56, H. K. Work, 1954-56 

W. T. Alexander, 1955-57, F. C. Lindvall, 1955-57 

( A. Brown, 1956-58, R. |. Woodrow, 1956-58 

R. W. Van Houten, 1957-59, G. Murphy, 1957-59, R. A. Morgen, 1957-59 
E. C. Easton, 1958-60, K. F. Wendt, 1958-60, C. L. Eckel, 1957-60 
R. G. Owens, 1959-61, H. W. Barlow, 1959-61, H. E. Wessman, 1959-6] 


TREASURERS SECRETARIES ASSISTANT 
W. O. Wiley,? 1907-42 F. L. Bishop,® 1914-47 SECRETARIES 
James S. Thompson, A. B. Bronwell, 1947-55 Nell McKenry, 1918-48 

1942-50 W. L. Collins, 1955- Dorothy Daum, 1949-50 
C. L. Skelley, 1950-53 C. E. Watson, 1951-55 
G. W. Farnham, 1953-56 J. W. Seyler, 1959- 
]. Gammell, 1956-59 
W. W. Burton, 1959 EDITORS 

E. C. McClintock, Jr., 

HONORARY MEMBERS a 
H. P. Hammond,?® 1953 P. T. Bryant, 1958 


A. A. Potter, 1953 

Dwight D. Eisenhower, 1958 
Nathan W. Dougherty, 1958 
James S. Thompson, 1960 
Henry T. Heald, 1960 
Vannevar Bush 1961 

S. C. Hollister, 1961 


° Deceased 
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TON wy 


O 


W. 


_ 


H. 


ee 


. W. TURNER 
S. LETELLIER 


L. 
W. C. WHITE 
if 


G. HIGBEE 
C 


LIND 


H. KOFFOLT 


1 G. BRENNECK 
WANDMACHE 
J. H. ZANT 

{. S. BURDELL 


. L. SCHWARTZ 
>. J. BARKER 
,. E. GRINTER 


A. BROWN 
S. STEINBERG 


. W. BARLOW 
A. RAGATZ 
B. ROBINSON 


L. SHURTER 
R. BEATTY 
THORNTON 


W. BARLOW 
M. BOARTS 
C. HUNT 

H. MORGAN 
E. WINSTON 


. D. JONES 


H. PUMPHREY 


C. FRENCH 


>. H. GAYLORD 
R. BEATTY 
WEBER 


W. DORNBERGER 


Terms of Office Expired in 1948 


P, N. LEHOCZKY G 
B. E. SHORT H 
W. B. PLANK E 
D. F. MINER W. 
W. M. LANSFORD W 


T. C. HANSON 


Terms of Office Expired in 1949 


R. V. JAMES H. 
E ]. G. POTTER W 
R W. L. HUGHES O 

L. E. CONRAD E 

S. H. VAN WAMBECK | 


Terms of Office Expired in 1950 


O. N. OLSON 

J. T. STRATE 

J. B. WILBUR 

A. G. CONRAD 

R. P. HOELSCHER 
O. E. OSBURN 


I 
I 
J 
M 
H 


Terms of Office Expired in 1951 


H. K. JUSTICE \W 
E. C. CLARK M 
C. E. BENNETT R 
J. C. McKEON, JR. E 
K. L. HOLDERMAN R 
W. A. KOEHLER 


H 


} 


Terms of Office Expired in 1952 


J. BARRE J. H. RUSHTON I 
A. SMITH E. LAITALA R 
M. LANSFORD H. A. BOLZ I 
). A. WALKER Tt. Ls JOSEPH M 
C. SPENCER D. S. CLARK WM 


Terms of Office Expired in 1953 


S. W. CHAPMAN D 
F. H. MILLER D 
K. B. McCEACHRON W. 
H. P. ADAMS J 
C. A. MOCKMORE B 
E. HUTCHISSON 


H 
C 


Terms of Office Expired in 1954 


J. M. APPLE K 
H. KUENZEL E 
C. L. WILSON E 
FE. F. OBERT N 


W. P. GODFREY 


ae 


> K 





PION 


. F. BATEMAN 
. McINTYRE 


. D. HOWE 


O. BIRK 
R. WOOLRICH 


H 
C 
M 
L 
J. 


ARMSBY) 
WHITE 
STONE 
GRANT 
LASSALLE 


R. BLAKESLEE 
MAVIS 
K. WALKUP 

E. FARRIS 

J. BARRI 


L. DeBAUFRE 
T. AYERS 
Z. WILLIAMS 


». R. McKEI 


D. LANDON 
H. WHEATON 
J. LEWIS 


MILLER 

GLASGOW 

STEWART 
CAPP 
CARSON 


S 

O 
P 
H 


M. GRIFFITH 
G. WILSON 
ALLAN 
LORAH 
WELLMAN 
WHEATON 
HARRIS 


R 
I 
H 
() 


F. WENDI 

R. WILCOX 

J. LINDAHI 
F. RODI 

.. PALSGROVI 
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Terms of Office Expired in 1955 


GLENN MURPHY H. K. JUSTICE T. SAVILLE 

J. S. WALTON G. N. COX L. E. STOUT 

H. C. MESSINGER G. P. BREWINGTON G. A. MARSTON 
H. E. HARTIG ©. D. LOBINGIER N. D. THOMAS 
C. A. BROWN H. P. RODES R. E. VIVIAN 

R. W. VAN HOUTEN E. B. STAVELY R. L. SUMWALT 
J. W. SHIRLEY M. A. DURLAND E. R. WILCOX 


Terms of Office Expired in 1956 


R. H. DRIFTMIER F. F. GROSECLOSE H. H. ARMSBY 
P. E. SONESON E. E. AMBROSIUS FRANK KEREKES 
A. J. McNAIR W. J. RUNDLE M. L. JACKSON 
E. B. STAVELY N. A. PARKER A. DIEFENDORF 
R. S. PAFFENBARGER  R. H. SCHOONOVER M. R. LOHMANN 
N. A. CHRISTENSEN R. F. EISENBERG 


Terms of Office Expired in 1957 


D. J. PEERY R. S. BURINGCTON N. H. BARNARD 

K. KOBE J. W. HOWE R. W. VAN HOUTEN 
J. G. WOHLFORD R. J. SEEGER G. F. BRANIGAN 

L. V. BEWLEY A. R. HELLWARTH E. T. DONOVAN 

J. H. PITMAN C. S. JONES H. K. JUSTICE 

C. E. SCHAFFNER W. I. SHORT E. L. GRANT 


D. STILLMAN H. FLINSCH 


Terms of Office Expired in 1958 


JUNE ROBERTS J. H. PITMAN H. M. HESS 
L. A. RICHARDSON N. A. CHRISTENSEN A. B. DROUGHT 
R. L. PEURIFOY BERT NOREM W. RICHTMANN 
E. K. KRAYBILL B. T. McMINN V. L. DOUGHTIE 
F. A. HEACOCK C. O. FRUSH R. M. CAMPBELI 
A. LESSER, JR R. G. OWENS R. D. SLOAN 


Terms of Office Expired in 1959 


L. Z. SELTZER HAIM REINGOLD H. L. BOWMAN 
J. O. HOUGEN F. L. SINGER V. J. BLUM 
E. K. HAMLEN R. J. SEEGER E. F. LITTLETON 
SAMUEL SEELY J. F. DOWNIE SMITH E. C. CLARK 
K. W. RIDDLE kK. O. WERWATH D. E. WHELAN, JR 
S. P. OLMSTED WALTON FORSTALL D. W. DUTTON 
G. W. BRADSHAW 

Terms of Office Expired in 1960 
H. H. ARMSBY \. F. GOULD H. A. MOENCH 
D. BARTHOLOMEW A. R. GRUEHR R. B. RUSS 
P. F. CHENEA H. M. HESS G. E. SPENCER 
G. J. CHRISTIANSEN A. S. JANSSEN H. I. TARPLEY 
A. B. DROUGHT R. A. LANGENHEIM B. A. WHISLER 
JASPER GERARDI E. J. LINDAHL C. L. WILSON 

A. J. McGAW 

Terms of Office Expired in 1961 
H. L. BOWMAN V.S. HANEMAN R. W. MOULTON 
DONALD BRADBURY kK. L. HOLDERMAN M. E. RAVILLE 
C. H. CATHER J. S. JOHNSON E. A. SALMA 
R. A. EMERSON W. P. KIMBALI DUDLEY THOMPSON 
H. A. GIDDINGS F.C. LINDVALI D. E. WHELAN, JR 
M. L. GRANEY H. R. LISSNER M. W. WHITI 


G. A. GULLETTI kK. E. LITKENHOUS R. L. WOOLDRIDGI 








AWARDS AND RECIPIENTS 


Lamme Medal 


The Lamme Award consists of a gold medal and bronze replica bestowed annually upon 
a distinguished engineering educator for excellence in teaching and contributions to the art 
of teaching; contributions to research and technical literature; achievements which contribute 
to the advancement of the profession; and engineering administration. The Lamme trust fund 


was established in memory of Benjamin Garver Lamme. 


Recipients of Lamme Medal 

1928—-GEORGE FILLMORE SWAIN,® Professor of Civil Engineering, Harvard University 

1929—IRVING PORTER CHURCH,® Emeritus Professor of Applied Mechanics and Hy- 
draulics, Cornell University. 

1930—CHARLES FELTON SCOTT,® Professor of Electrical Engineering, Yale University 

1931—DUGALD CALEB JACKSON,® Professor of Electric Power Production and Distril 


tion, in charge, Dept., Electrical Engineering, Massachusetts Institute of Technology 
1932 - ARTHUR NEWELL LALwBOL” Protessor ot Munic Ip il ind Sanitary | nvineeril 
Emeritus, University of Ilinois 
1933—-DEXTER SIMPSON KIMBALL,?® Professor Emeritus of Industrial E1 cering, D 


College of Engineering, Cornell University. 
1934—EDWARD ROSE MAURER,?® Professor of Mechanics, University of Wisconsin 
1935—WILLIAM ELGIN WICKENDEN,? President, Case School of Applied Scier 
1936—HERMAN SCHNEIDER,® Dean, University of Cincinnati 
1937—FREDERICK EUGENE TURNEAURE,?® Dean, University of Wisco 


1938—ROBERT LEMUEL SACKETT,?® Dean, Pennsylvania State University 

1939—STEPHEN P. TIMOSHENKO, Professor of Theoretical and Applied Mechanics, St 
ford University. 

1940—ANDREW A. POTTER, Dean, Schools of Engineering, Purdue Universit) 

1941—ANSON MARSTON,® Dean Emeritus of Engineering, Iowa State Colleg 

1942—-ROY ANDREW SEATON, Dean Emeritus, Division of Engineerin Kansas State 
College. 

1943—-THOMAS EWING FRENCH,® Professor of Engineering Drawing, Emeritu The 


Ohio State University. 
1944—-HARDY CROSS,? Professor and Chairman, Dept. of Civil Engineering, Yale University 
1945—HARRY PARKER HAMMOND,? Dean Emeritus, School of Engineering, The Pennsy] 
vania State University. 
1946—ROBERT E. DOHERTY,?® President, Carnegie Institute of Technoloey 
1947—-WARREN K. LEWIS, Professor of Chemical Engineering, Massachusetts Institute of 


Technology. 


1948S—ALEXANDER G. CHRISTIE, Professor Emeritus of Mechanical Engineerin ] 
Hopkins University 

1949—KARL TAYLOR COMPTON,? President Emeritus, Chairman of Corporation, M 
chusetts Institute of Technology 

1950—FRED B. SEELY, Professor of Theoretical and Applied Mechan Universit f 


Illinois. 
1951—ALLAN R. CULLIMORE,?® President Emeritus, Newark College of Engin 
1952—SOLOMON CADY HOLLISTER, Dean of Engineering, Cornell University 
1953—HARRY S. ROGERS,?® President, Polytechnic Institute of Brooklyn 
1954—THORNDIKE SAVILLE, Dean of Engineering, New York Univer 
1955—VANNEVAR BUSH, President, Carnegie Institution of Washington, D. ( 


1956—LLEWELLYN M. K. BOELTER, Dean of Engineering, University of ( 
Angele Ss 
1957—WILLIAM L. EVERITT, Dean of Engineering, University of Illino 


1958—LINTON E. GRINTER, Dean of Graduate School, University of F] i 

1959—GORDON S. BROWN, Dean of Engineering, Massachusetts Institute of Technol 

196(0—THEODORE VON KARMAN, Director Emeritus, Guggenheim Aeronautics Lal 
tory, California Institute of Technology. 

1961—OLAF A. HOUGEN, Professor of Chemical | neeri University f \W 
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Vincent Bendix Award 


The Vincent Bendix Award consists of a gold medal and citation conferred annually for 
outstanding research contributions, either in original thought or administrative leadership, to 
a staff member of the colleges of engineering in the United States. The Award was established 
through the efforts of the Engineering College Research Council. The Bendix Aviation 
Corporation granted funds to establish the Award in 1956. 


Recipients of the Bendix Award 


1956—CLIFFORD C. FURNAS, Chancellor, University of Buffalo. 


1957—THEODORE VON KARMAN, Director Emeritus, Guggenheim Aeronautics Labora- 
tory, California Institute of Technology 


1958—HUNTER ROUSE, State University of Iowa 

1959—ROBERT F. MEHL, Camegie Institute of Technology. 

1960—-MAURICE J. ZUCROW, Atkins Professor of Engineering, Purdue University. 
I9SGI—NATHAN M. NEWMARK, Professor of Civil Engineering, University of Illinois 


George Westinghouse Award 


The George Westinghouse Award was established by the Westinghouse Educational 
Foundation in 1946 as an annual Award to young engineering teachers of outstanding ability 
to recognize and encourage their contributions to the improvement of teaching methods for 
engineering students 


Recipients of the George Westinghouse Award 


1946—JAMES NORMAN GOODIER, Professor of Mechanics, Cornell University 
1947—BENJAMIN R. TEARE, JR., Buhl Professor and Head, Dept. of Electrical Engineer- 


ing, Carnegie Institute of Technology 


1948—HUNTER ROUSE, Professor and Director, Institute of Hydraulic Research, State 
University of Iowa 


1949—JOSEPH MARIN, Professor of Engineering Mechanics, Pennsylvania State University. 


1950—ROLF ELIASSEN, Professor of Sanitary Engineering, Massachusetts Institute of 
Technology 


1951—GLENN MURPHY, Professor of Theoretical and Applied Mechanics, Iowa State 
College 


1952—-GORDON S. BROWN, Professor and Head of Electrical Engineering, Massachusetts 
Institute of Technology. 


1953—EDWARD F. OBERT, Professor of Mechanical Engineering, Northwestern University. 
1954-—-THOMAS J. HIGGINS, Professor of Electrical Engineering, University of Wisconsin. 
1955—ROBERT ROY WHITE, Professor of Chemical Engineering, University of Michigan. 


1956—MILTON C. SHAW, Professor of Mechanical Engineering, Massachusetts Institute of 
Tec hn logy 


1957—ROBERT E. TREYBAL, Professor of Chemical Engineering, New York University 
1958—WILLIS W. HARMAN, Professor of Electrical Engineering, Stanford University 
1959—MAX S. PETERS, Professor of Chemical Engineering, University of Illinois 

1960—ROBERT Bb. BIRD, Professor of Chemical Engineering, University of Wisconsin 


1961—DAVID C. WHITE, Professor of Electrical Engineering, Massachusetts Institute of 
Fechnologs 
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Curtis W. McGraw Research Award 


The Curtis W. McGraw Research Award has been established to recognize outstanding 
college research workers under forty years of age, and to encourage the continuance of their 
productivity in the future. It is hoped also that such a prize will stimulate interest in 
engineering college research as an essential area of engineering education. Sponsored by 
the Engineering College Research Council, with the assistance of the McGraw-Hill Book 
Company, the prize is named in honor of Curtis W. McGraw, whose efforts consistently 
furthered the cause of research through the publication and dissemination of research results 
The prize is one thousand dollars in cash and an accompanying engraved certificate. Candi- 
dates must have been active in one or more types of research ordinarily carrie 1 by colleges 
of engineering or institutes of technology, must have achieved important acd.ances which 
have been accepted by colleagues and by other workers in the field of specialization, must 
have reputations for sound and productive thinking, and must give promise of making further 
significant contributions. Evidence would include discoveries and other original work with 
engineering fundamentals, the conception or improvement of laboratory techniques or devices 
publication of books, monographs, or scholarly papers, and activities in scholarly or pro- 
fessional societies. Preliminary nomination forms and supporting data sheets must be in the 
hands of the award committee chairman by March 1 of each year; the award is presented at 
the Annual Meeting in June. 


Recipients of the Curtis W. McGraw Research Award 

1957—-GEORGE GERARD, Assistant Director, New York University, College of Engineering 
Research Division. 

1958—CEDOMIR M. SLIEPCEVICH, Professor and Chairman of Chemical Engineering 
University of Oklahoma. 

1959—R. BYRON BIRD, Professor of Chemical Engineering, University of Wisconsin 

1960—ALI BULENT CAMBEL, Chairman of Mechanical Engineering Department, Nort] 
western University. 

1961—WILLIAM A. NASH, Head of Advanced Mechanics Research, University of Flo: 


James H. McGraw Award 


The James H. McGraw Award in Technical Institute Education is awarded annually 
for the purpose of recognizing and encouraging outstanding contributions to technical insti- 
tute education. The Award consists of the sum of $500.00 and an engraved certificate 
provided by the McGraw-Hill Book Company in memory of James H. McGraw, Sr. Nominees 
are expected to have displayed unusual competence in one or more of the following activities 
related to technical institute education: instruction, publication, administration, and other 
appropriate contributions. 


Recipients of the James H. McGraw Award 

1950—-HARRY P. HAMMOND,? Dean of Enginering, Pennsylvania State College 
1951—ROBERT HOOVER SPAHR, Administrative Chairman, General Motors Institut 
1952—ARTHUR LYMAN WILLISTON,?® Principal ( Retired), Wentworth Institute. 
1953—-CHARLES W. BEESE, Director, Technical Extension Division, Purdue University 
1954—ARTHUR C. HARPER, President Emeritus, Wyomissing Polytechnic Institute 
1955—FREDERICK E. DOBBS, Princ ipal (Retired), Wentworth Institute 
1956—-CHARLES S. JONES, President, Academy of Aeronautics 

1957—-ARTHUR L. TOWNSEND, Director, Lowell Institute School 

1958—-KARL O. WERWATH, President, Milwaukee School of Engineering 


1959—HENRY P. ADAMS, Project Director, Pakistan Technical Education Program. Okla 
homa State University. 

196(0—KENNETH L. HOLDERMAN, Coordinator of Commonwealth Campuses, Penn 
sylvania State University. 

1961—H. RUSSELL BEATTY, President, Wentworth Institut: 


cs De ceased 





ANNUAL MEETINGS OF THE 


Date 


Location 


ASEE 


President of the Society 








1893, July 30—-Aug. 5 Chicago, Ill.® I. O. Baker, Univ. of Ill. 
(Chairman, Section E.) 
1894, Aug. 20-21 . Brooklyn Polytechnic _ Insti- DeVolson Wood, Stevens Inst. 
tute, Brooklyn, N. Y of Technology. 
1895, Sept. 2—4 Springfield, Mass. G. F. Swain, Mass. Inst. of 
Technology. 
1896, Aug. 20-22 Buffalo, N. Y. Mansfield Merriman, Lehigh 
Univ. 
1897, Aug. 16-18 University of Toronto, Toron- H. T. Eddy, Univ. of Minn. 
to, Ontario. 
1898, Aug. 18-20 Boston, Mass. J. B. Johnson, Wash. Univ., 
St. Louis. 
1899, Aug. 17-19 The Ohio State University, r. C. Mendenhall, Worcester 
Columbus, Ohio. Polytechnic Inst. 
1900, July 2-3 Columbia University, ew I. O. Baker, Univ. of Ill. 
York City, N. Y. 
1901, June 29-July 2 Buffalo, N. Y. F. O. Marvin, Univ. of 
Kansas. 
1902, June 27-28 Pittsburgh, Pa. Robert Fletcher, Dartmouth 
College. 
1903, July 1-3 Niagara Fa Ni ¥e | ae M. Woodward, Wash 
Univ., St. Louis. 
1904, Sept. 1-3 St. Louis, Mo. C. F. Allen, Mass. Inst. t 
Technology. 
1905, June 28-29 Atlantic City, N. J F. W. MeNair, Mich. Coll 
of Mines. 
1906, July 2-3 Cornell University, Ithaca, C. L. Crandall, Corne 
> | Unis 
1907, July 1-3 Case School of Applied Sci- D. C. Jackson, Mass. Inst. of 
ence, Cleveland, Ohio. Technology 
1908, June 24-27 Detroit, Mich. Chas. S. Howe, Case Sch 
of Applied Science 
1909, June 24-26 ( ibia University, New *.. E. Turneaure, Univ. of 
ork ity, N. Y. Wis. 
1910, June 23-25 University of Wisconsin, H. S. Munroe, Columbia 
Madis« Wis. Univ. 
1911, June 27-29 Carnegie Institute of Tech- 4. N. Talbot, Univ. of Il 
nology and the University 
f Pittsburgh, Pittsburgh, 
I i. 
1912, Tune 26-29 M. I. T., Harvard and Went- W. G. Raymond, Univ. of 
worth, Boston, Mass. lowa. 
1913, June 24-26 University of Minnesota, W. T. Magruder, Ohio Stat 
Minneapolis, Minn. Univ. 
1914, June 23-26 Princeton University, Prince- G. C. Anthony, Tufts College. 
on, N. J. 
1915, June 22-25 lowa State College, Ames, Anson Marston, Iowa State 
Iowa. College 
1OT€ J 19-22 University of Virginia, Uni- Hs Se Jacoby, Corneli Univ. 
versity, Va. 
19] Jul 6-7 Washington, D. C. G. R. Chatburn, Univ. f 
Nebr. 
1918, June 26-29 Northwestern University, M. §S Ketchum, Univ. of 
Evanston, Il. Colo. 
1918, December 6-7 f Cambridge, Mass. J. F. Hayford, Northwestern 
University. 
1919, June 5-28 Johns Hopkir University, J. F. Havyford, Northwestern 
Baltimore, Md University. 
1920, June 29-—] 9 University of Michigan, Ann . M. Greene, Jr., Rensselaer 
Arbor, Mich. Polytechnic Inst. 
1921, June S—] l Yale Universit New Haven, M. E. Cooley, Univ. of Mich. 
Conn, 
1922, June 20-2 Universi f Illinois, Urbana, C. F. Scott, Sheffield §S 
] School of Yale Univ 
19 June 0 3 Cornell University, Ithaca, Cc. F. Scott. Sheffield Sci 
N.. 3 School of Yale Univ. 
1924, June 25-28 University of ¢ yrad P. F. Walker. Univ. of 
Boulder, C Kansas. 
1925, June 16-20 Union College, Schenectad A. A. Potter, Purdue ( 
1926, Jun 16—18 State University of Iow ( B. Pegra Colum! 
Iowa City, Iowa. Unis 
1927. Tur »7-—30 Universit f Maine, Orono O. M. Leland, Univ. of Min 
Maine. 
1928, June 26-29 University of North Carolina, R. I Sackett, Pa. Stat 
Chapel Hill, N. C Colleg 
© Meeting of Section E, Engineering Education, of the World’s Engineering Congress, 
it which the S, P. E. E. was organized. 
+ Joint Meeting with the British Educational Mission to the United States. The 
meeting was called at the request of the Committee on International Relations of tl 
American Council on Education. 


103 
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1929, June 19-21 


1930, June 26-28 


1931, June 17-19 
1932, June 29-July 1 
1933, June 27-30 
1934, June 19-23 
1935, June 24-27 
1936, June 23-26 


1937, June 28-July 2 


1938, June 27-30 
1939, June 19-23 
1940, June 24-28 
1941, June 27-30 
1942, June 29-July 2 


1943, June 18-20 


1944, June 25-28 
©1945, June 21-24 
1946, June 20-22 
1947, June 18-21 
1948, June 14-18 
1949, June 20-24 
1950, June 19-23 
1951, June 25-29 
1952, June 23-27 
1953, June 23-26 
1954, June 14-18 
1955, June 20-24 
1956, June 25-29 
1957, June 17-21 


1958, Tune 16-20 


1960, June 20-24 


1961, June 26-30 


1962, June 18-22 
1963 | 17-23] 
64, | 22-26 
1965 
196¢ 


© Cancelled at rec 
portation. 


. Pennsylvania 


The Ohio State 
Columbus, Ohio, 


University, 


.Ecole Polytechnique, McGill 


University, Montreal, 
Canada. 

Purdue University, Lafayette, 
Ind. 

Oregon State College, Cor- 
vallis, Oregon. 

Stevens Hotel, Chicago, Ill. 


Cornell University, Ithaca, 
Y 


N. ¥. 
.Georgia School of Technol- 


ogy, Atlanta, Ga. 


. University of Wisconsin, 


Madison, Wis. 

Massachusetts Institute of 
Technology and Harvard 
University, Cambridge, 
Mass. 

A. & M. College of Texas, 
College Station, Texas. 
Pennsylvania State College, 

State College, Pa. 


. University of California, 


Berkeley, Calif. 

University of Michigan, Ann 
Arbor, Mich. 

New York City, N. Y. 


Illinois Institute of Technol- 
ogy, Chicago, and North- 
western University, 
Evanston, Ill. 

University of Cincinnati, 
Cincinnati, Ohio. 

Washington University, St. 
ouis, Mo, 

Washington 
Louis, Mo. 

University of Minnesota, 
Minneapolis, Minn. 


University, St. 


. University of Texas, Austin, 


Texas. 
Rensselaer Polytechnic Insti- 
tute, Troy, N. Y. 
University of Washington, 
Seattle, Wash. 


. Michigan State College, East 


Lansing, Michigan. 


.Dartmouth College, Hanover, 
N. H 


University of Florid 1, Gaines- 
ville, Fla 


. University of Illinois, Urbana, 
Til. 


State Univer- 
sity, State College, Pa. 


.lowa State College, Ames, 


Iowa. 

Cornell University, Ithaca, 
NM... Ee 

University of California, 
Berkeley, Calif. 

Pittsburgh, Pa. 


Purdue University, Lafayette, 
Ind. 


University of Kentucky, Lex 


ington, 
Air Force Academy, (¢ 
Universit f Pennsylvar 
Philadelphia, Pa. 
Universit f Maine, 
Orono, Maine 
Illinois Institute of Tech 
10] Chic Il] 
\\ hingeton Stat Uni 
] \\ 1 } 
f War Committee on Conver 
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Dexter S. Kimball, 
University. 
R. I. Rees, American T. & T. 


40. 


Cornell 


H. S. Boardman, University 
of Maine. 

H. S. Evans, University of 
Colorado. 

R. A. Seaton, Kansas Stat 
College. 

W. E. Wickenden, Cas 
School of Applied Science. 

. C. Williams, State Uni 
versity of Iowa. 

D. S. Anderson, Tulane Uni 
versity. 

H. P. Hammond, Polytechni« 
Institute of Brooklyn. 


Cc 


S. B. Earle, Clemson Coll 


K. T. Compton, Mass. Inst. of 
Technology. 

O. Jj. Ferguson, 
of Nebraska. 


Universit 


D. B. Prentice, Rose Poly 
technic Institute. 
A. H. White, University of 


Michigan. 
H. T. Heald, Illinois Institute 
of Technology. 


Robert E. Doherty, Carnegie 
Institute of Technology 

H. S. Rogers, Polytechnic 
stitute of Brooklyn. 

H. S. Rogers, Polytechnic In 
stitute of Brooklyn. 

Huber O. Croft, University of 
Iowa. 

C. E. MacQuigg, Ohio State 
University. 

C. J. Freund, University of 
Detroit. 

Thorndike Saville, New York 
University. 

F. M. Dawson, State Univer 





Hollister, Cornell Ur 


De 

W. 
of Texas. 

L. E. Grinter, University of 
Fk rida. 

N. W. Dougherty, Universits 
of Tennessee. 

M. M. Boring, General Ele« 
tric Co, 

W. L. Everitt, University f 
Illinois. 

F. C. Lindvall, California 
Institute of Technology 

W. T. Alexander, Northeast 


ern University. 
B. Richard Teare, Jr., Car 
negie Institute of Tech 


ogy. 
Eric A. Walker, The I 
nia State Universit 
R. WV Van Hout R 
( ‘ f ker 
s Office of Defer I 





ENGINEERING SUMMER SCHOOLS, 1930-1962 


1930—Civil Engineering, Yale University. 
Engineering Drawing and Descriptive Geometry, Carnegie Institute of Technology. 
1931—-Chemical Engineering, University of Michigan. 
Mathematics, University of Minnesota. 
1932—-Economics, Stevens Institute of Technology. 
English, The Ohio State University. 
1933——-Mining and Metallurgy, University of Wisconsin. 
Conference of Administrative Officers, University of Wisconsin. 
1935—Engineering Drawing, University of Wisconsin. 
1939—-Chemical Engineering, The Pennsylvania State College. 
1941—-Mechanical Engineering, Purdue University. 
Conference for Teachers of English in Technical Schools, University of Michigan. 
°1945—-Engineering Drawing. 
1946—Engineering Drawing, Washington University. 
1947—Mechanical Engineering, Northwestern University. 
1948—-Chemical Engineering, University of Wisconsin. 
1949-——Mechanical Engineering, Rensselaer Polytechnic Institute. 
1950—Mechanics, lowa State College. 
Humanistic-Social, University of Washington. 
North Midwest Section, University of Minnesota. 
Civil Engineering (Photogrammetry), University of Denver. 
1951—-Humanistic-Social, Michigan State College. 
Engineering Drawing, Michigan State College. 
Mechanical Engineering (Thermodynamics), Michigan State College. 
Electrical Engineering, Dartmouth College. 
English, Dartmouth College. 
Educational Methods, General Electric Co., Schenectady, N. Y. 
1953—Industrial Engineering, University of Florida. ; 
Educational Methods, General Electric Co., Schenectady, N. Y. 
1954—-Electrical Engineering, University of Illinois, Urbana, IIl. 
Engineering Mechanics, University of Illinois, Urbana, II. 
fechanical Engineering, University of Illinois, Chicago, II. 
Economic in Engineering, University of lllinois, Urbana, Ill. 
Ii inistic-Social Workshop, University of Illinois, Urbana, II. 
Teaching Methods Seminar, General Electric Co., Schenectady, N. Y. 
Instrumentation Education (Symposium held jointly with ISA), University of 
Illinois, Urbana, Ill. ’ 
Solid State Physics in Engineering Education (Summer Institute), University of 
Illinois and Carnegie Institute of Technology. 
Nuclear Physics in Engineering Education (Summer Institute), Columbia Univer- 
sity and Northwestern University. 
1955——-Chemical Engineering, Pennsylvania State University. 
English, Pennsylvania State University. 
Thermodynamics (Summer Institute), Pennsylvania State University. 
Electricity and Magnetism (Summer Institute), Pennsylvania State University. 
Engineering Mechanics (Summer Institute), Pennsylvania State University. 
1956—Civil Engineering (Construction), Iowa State College. 
Engineering Drawing, Iowa State Colle 
Humanistic-Social, lowa State College. ae ; 
Conference on Mathematics in Engineering (Summer Institute), University of 
Michigan 
1957—Civil Engineering, National Surveying Teachers Conference, Camp Welch, Naches, 
Wash. (Washington State College, Summer Surveying Camp.) 









1958—Civil Engineering (Construction), University of California, Berkeley. 
Mechanics Division, University of California, Berkeley. 
Educational Methods and Young Engineering Teachers, University f California, 
Berkeley. 
1959—Engineering Economy, Pittsburgh, Pa. 
Hnumanistic-Social, Pittsburgh, Pa 
1960—-Industrial Engineering, Purdue University. 
Electrical Engineering, Purdue University. 
Industrial Engineering and American Tool Engineers, Purdue Universit 
1961 Aeronautical Engineering, University of Kentucky. 
Industrial Engineering and American Society of Tool and Manufacturing Engineers, 
University of Kentucky. 





1962 Cis I ineerir National Surv t Teachers Conference, Dahlor G 
Chemical Engineering, University f Colorad 
Industrial Engineering and Am« in Society of Tool and Manufactur I 1 rs 
U. S. Air Force Academy, 
Engin I U.S. A k \ 1 
Engin Grapt { Ss. A I Kc 


© Cancelled at request of War Committee on Conventions, Office of Defense Trans- 
portation. 








CONSTITUTION AND BYLAWS 


(As Amended June, 1957) 


American Society for Engineering Education 


Article I—Name and Objects 


Section 1. The name of this organ- 
ization shall be the American Society for 
Engineering Education. 

Section 2. The Society shall be a con- 
tinuation of the Society tor the Promo- 
tion of Engineering Education and its 
organization and purpose shall be ex- 
panded so as to include those of the 
Engineering College Research Associa- 
tion. 

Section 3. The purpose of this Society 
shall be the advancement of education 
in all its functions which pertain to en- 
gineering and allied branches of science 
and technology, including the processes 
of teaching and learning, research, ex- 
tension services and public relations. 
The Society shall serve its members as 
a common agency of stimulation and 
guidance in: (a) the formulation of the 
general goals and responsibilities of en- 
gineering education for the service of 
individuals and the advancement of gen- 
eral welfare, (b) the adjustment of cur- 
ricula and educational processes to 
changing conditions; (c) the development 
of effective teachers and administrators; 
(d) the improvement of instructional ma- 
terials and methods, of personnel prac- 
tices, and of administrative usages; (e) 
the enhancement of professional ideals 
and standards; (f) the fostering of re- 
search as a function collateral to teach- 
ing; (g) the coordination of institutional 
aims and programs, both among schools 
and colleges and in their joint relations 
with professional, educational, and public 
bodies; and (h) the cultivation of a fra- 
ternal spirit among teachers, administra- 
tors, investigators, practitioners, and in- 
dustrialists. 


Article 1I—Membership 


Section 1. Membership in the Society 
shall be of two general classes, Individual 
and Institutional. 


Section 2. Individual membership 
shall be of three classes, Active, Life, 
and Honorary. It shall comprise those 
persons who occupy or have occupied 
responsible positions in engineering in- 
struction, research, or practice, or other 
persons interested in engineering educa- 
tion 

Section 3. The name of each candi- 
date for active individual membership 
shall be proposed in writing to the Sec- 
retary by two members of whom the 
candidate is personally known. The pro- 
posal shall state the qualifications on 
which it is based. An affirmative letter 
ballot of three-fourths of those members 
of the Executive Board whose votes reach 
the Secretary within one month from the 
time of sending out the name of the 
candidate shall elect 

Section 4. A member in good standing 
may become a life member, exempt from 
all future payments for dues, by 
payment of an amount equal to 


l single 
twenty 
times the annual dues for members. Such 
payments received by the Society shall 
be placed in a separate fund known as 
the Life Membership Fund. The interest 
earned on this fund shall be used as 
current income 


Section 5. An individual member who 
has been in good standing for twenty 
five (25) years or more, who has reached 
the age of sixty-five (65) vears. and who 
has retired from active professional life, 
may, upon written request, be designated 
as a life member by vote of the General 
Council, and shall thereafter be exempt 
from payment of dues 
| 


membders may 


Section 6. Honorary 


be chosen from among those who have 


rendered eminent service to mankind in 
engineering education or other engineer- 
ing fields. Nomination of such candi- 
dates may be made by anv member of 
the Society to the Committee on Honor 


ary Membership. The Committee on 
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Honorary Membership will in turn rec- 
ommend to the General Council candi- 
dates for honorary membership. 
Election shall be by a favorable vote 
of at least three-fourths of the members 
of the General Council in a letter ballot 
to be taken by the Secretary. Councilors 
not heard from within one month from 
the date of mailing the ballots will be 
counted in favor of the candidate. 
Honorary members shall enjoy all the 
privileges of the Society, and shall not 
be required to pay any fees or dues 
Election to honorary membership shall 
be limited in any administrative year to 
not more than two candidates. 
Section 7. Institutional members shall 
be of four classes: Active, Affiliate, Asso- 
ciate, and Industrial. 
shall be institutions which are eligible to 


Active members 


participate in any or all of the insti 
Affiliate 
members shall be other educational insti- 
tutions engaged in technical instruction 
which have one or more curricula ac- 
credited by Engineers’ Council for Pro- 
fessional Development or which are ac 


tutional membership Councils. 


credited by a major regional educational 
association. Associate members shall be 
professional organizations of engineers 
and research institutions. Industrial mem 
bers shall be industrial 
which have a major interest in engineer 


organizations 


ng education. Each industrial and asso 


ciate member shall have the right to 
designate one representative who auto 


matically will become an individual 
member of the societv, with all rights and 
privileges without having to pav addi 
tional dues. This representative will re 


ceive the JOURNAL OF ENGINEERING Ept 


CATION for the industrial and associate 
member 

Section 5. Active member institutions 
shall be either those offering curricula 


leading to baccalaureate on higher degree 


in engineering and/or those offering cur 


ricula leading to a diploma or 


degree at a technical institute Either of 


associate 


these institutions must have one or more 
curricula accredited as such by Engi 
neers Council for Professional Develop- 
ment, or if not within ECPD jurisdiction 
must have one or more engineering cur- 
as judged by a 


ricula whose standards 


competent accrediting agence, are not 
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lower than those of that council. In the 
absence of any such accrediting agency, 
the Executive Board of the Society shall 
have the power to judge of the equival- 
ence of standards. 

Section 9. All institutions which meet 
the conditions described in section 8 shall 
be eligible to participate as voting mem- 
bers of the Engineering College Admini- 
strative Council or the Technical Insti 
tute Council, whichever is appropriate. 
lo be eligible for voting participation in 
the Engineering College Research Coun- 
cil, it is further required that the institu- 
tion's research organization shall have 
existed for at least three (3) years and 
shall meet criteria prescribed in the En- 
gineering College Research Council By- 
laws. 

Section 10. An institution may be 
proposed for membership by an official 
representative of any member institution 
who is familiar with the work of the 
institution proposed; or application for 
admission may be made directly by a 
responsible officer of the institution con- 
cerned. In either case the proposal or 
application shall be made in writing, 
addressed to the Secretary of the Society, 
and shall indicate the grade of member- 
ship applied for and the Council or 
Councils in which it wishes to participate 

Section 11. The Executive Board shall 
determine the eligibility of the applicant 
for institutional membership of any class 
in the Society. The Executive Board shall 
have the power to elect Affiliate, Asso- 
ciate, and Industrial members of the 
Society by letter ballot, but shall refer 
applications for Active membership to 
the Executive Committee of each of the 
Councils in which the applicant desires 
to participate, each such Executive Com- 
mittee being empowered to admit the ap- 
plicant to the Council which it repre- 
sents. All elections shall require a two- 
thirds favorable vote of the ballots cast. 
Institutions thus elected to membership 
in either or both of the institutional 
Councils thereby become Active institu- 
tional members of the Society. 


Article 11|—Organization 


Section 1. The means to ends spec- 
ified in Article I, section 3, shall include 
the establishment of subordinate units 
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of organization as needed to serve local, 
regional, departmental, or functional in- 
terests, the holding of meetings, confer- 
ences, and special schools, the setting up 
of agencies for educational inquiry, re- 
search, or planning, and the publication 
of papers, reports, researches, communi- 
cations, and other significant materials 
concerned with engineering education. 

Section 2. The Society shall be an 
organization of individual and _institu- 
tional members and shall operate in two 
coordinate areas of activity correspond- 
ing to the respective interests of these 
groups. Its general activities shall be 
administered by an Executive Board (see 
Article V). The activities of its individual 
members shall be conducted under a 
General Council (see Article VI) and the 
activities of its institutional 
through an Engineering College Research 
Council (see Article VII), and an Engi 
neering College Administrative Council 
see Artic le Vill * and al Technical In 
stitute Council (see Article X\ 

The individual members of the Society 
shall further be organized in groups to 
function as (a) sections in specified ter- 
ritories; (b) branches formed by mem- 
bers of single institutions and (c) divi- 
sions with important subjects of instruc- 
tion, research, or activity related to en- 
gineering education, under provisions as 
hereinafter set forth. 


members 


Article |1V—Officers 


Section 1. There shall be a President 
who shall be the executive officer of the 
Society and who shall hold office for on 
vear. There shall be seven Vice Presi 
dents, each to hold office for two vears as 
follows: in connection with individual 
memberships, two Vice Presidents, 1 
sponsible for General and Regional Ac 
tivities, one in the Eastern Part of the 
United States and one in the Western 


Part, as designated by the Executive 
foard, to be elected in alternate vears 
a Vice President for Instructional Divi 


Presi 


dent for General Divisions and Com 


sions and Committees and a Vice 


mittees to be elected in alternate vears 


in connection with institutional mem 


berships, there shall be a Vice President 
for the 
Council and a Vice President responsible 


Engineering College Research 
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for the Engineering College Administra 
tive Council, to be elected in alternate 
vears, and a Vice President responsibl 
for the Technical Institute Council to be 
Chere 


shall be a Secretary, to be appointed 


elected for a two-year term. 


annually by a committee consisting of the 
President and all Vice Presidents; and 
a Treasurer, to be elected annually. In 
case ot Vacancy In the office ol the Presi 
dent, the senior Vice President for Get 

eral and Regional Activities shall succes 

In case of a vacancy in the office of Vice 
President for General and Regional Ac 
tivities, the 


) ‘ 
senior Vice President | 


Instructional Divisions shall succeed 


Section 2. The Society will provid 


for the detense of an officer or a form« 
officer in any legal action, suit or pre 
ceedings to which he is mack parts 
by reason ot being Ol having b en suct 
office except where he shall be finall 
adjudged in such action, suit or proceed 
ing to be liable for misconduct in the 
performance of duty and except where 
the action, suit o1 proceeding shall have 
been COMpromise d oO! settle d without the 
approy il ot the Executive Board Sucl 
defense shall not be deemed exclusive of 
anv other rights to which an officer o1 

former officer mav be otherwise entitl 


Article V—Executive Board 


Section 1. The Executive Board of 
the Society shall consist of the President, 
the six Vice Presidents, the Secretary, 
Its function shall be 
to coordinate the activities of the Society 


and the Treasurer 


Its actions shall be final as to (a) approval 
of budgets, (b) authorization of publica 
tions, (c) 
of officers to fill emergency vacancies 


conventions, (d) appointment 
(e) determination of eligibility of institu 
tional members, and (f) actions of the 
Societv in relation to other 


tions. The Executive Board is respon- 


sible for the general supervision and con 
trol of all financial matters in which the 
In all othe 

matters, however, the Executive Board 


name of the Society is used 


is advisory to the General Council, the 
Engineering College Research Council 
College Administrative 
Council and the Pechnical 
Council of the Society 


the Engineering 


Institute 
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Section 2. The procedure in (d) filling 
emergency vacancies shall be as follows: 
excepting the Secretary, whose appoint- 
ment is otherwise provided herein, the 
Executive Board shall make the appoint- 
ment on recommendation of the Presi- 
dent; provided, however, that, in case 
of vacancy in the office of a Vice Presi- 
dent associated with the institutional 
membership, the President shall trans- 
mit to the Executive Board the recom- 
mendation of the Executive Committee 
concerned. The term of emergency ap- 
pointments shall be until a successor is 
regularly elected 

Section 3. In case of a national emer- 
gency during which it is impossible for 
the Society to hold a regular meeting, the 
Executive Board may take any action on 
behalf of the Society that it deems neces- 
sary and advisable; provided, however, 
that such action shall be reported to the 
Society at its first regular meeting there 
after. 


Section 4. Each Council of the Society 
shall report all of its actions to the Execu- 
tive Board and shall not take an action 
affecting the interests of another Council 
until such proposed action has been con 
sidered by the Executive Board; pro- 
vided, however, that in cases where the 
time element is too critical to permit de- 
liberation by the Executive Board, a 
Council may, on its own responsibility, 
action within its own 
domain, or if it so authorizes, its Execu- 


take emergency 


tive Committee may take such action; or 
provided further that 
Executive Committee if so authorized, 
may take such action jointly with another 
Council 


a Council, or its 


where joint interests are in- 


volved 


Article VI—General Council 


Section P The Gene ral Coun il ol this 
Society shall consist of the President, who 
shall be chairman, the seven Vice Presi 
dents, the Secretary, the 


three junior Past Presidents, the secre 


lreasurer, the 


taries of the Engineering College Re 
ollege 


Council, and the Tech 


nical Institute Council, and a representa 


search Council, the Engineering ( 
Administrative 


tive of every Division ind Section elected 


by thie bod, CONCE rned for a term otf two 
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vears according to a plan of rotation in 
which one half of such representatives 
will be chosen each year. 


Section 2. Any individual member of 
the Society shall be eligible for election 
as such a representative on the General 
Council. 

Section 3. Incumbent elective officers 
and members of the Council shall con- 
tinue in office for a period of ten (10) 
days after the date of the annual meeting 
or in the event that no annual meeting is 
held, until ten (10) days after their suc- 
cessors shall have been elected. 

Section 4. The actions of the General 
Council shall be final on all matters con- 
cerning the General and Regional Activi- 
ties and the Instructional Divisions, ex- 
cepting those herein delegated to the 
Executive Board. 

Section 5. The General Council shall 
determine its own Bylaws which shall 
conform to the Constitution and Bylaws 
of the Society. 


Article Vil—Engineering College 
Research Council 

Section 1. There shall be an Engi- 
neering College Research Council whose 
purpose shall be to assist in developing 
the research facilities of engineering col- 
leges (a) to further advance study in col- 
leges of engineering and to develop and 
coordinate industrial and scientific re- 
search; (b) to undertake research designed 
to promote engineering advancement and 
economic adjustment in industry, pub- 
lic works, public health, the conservation 
and development of natural resources, 
and similar activities; (c) to cooperate 
with other associations and government 
agencies in the prosecution and promo- 
tion of research and to collaborate with 
them to prevent duplication of effort and 
achieve maximum utilization, coordina- 
tion, and development of engineering and 
scientific research facilities; and (d) to 
publish periodic research reports, studies, 
papers, and investigations of significant 
value to engineering colleges and co- 
operating agencies for research. 

Section 2. Its membership shall con- 
sist of institutions complying with the 
Bylaws of the Research Council. There 
shall be Active (voting) and Associate 





410 JOURNAL OF 


(non-voting) membership. Each member- 
ship shall be entitled to one or more 
representatives designated by the proper 
officer of each member institution. Each 
Active Institutional membership _ shall 
have but one vote. All Institutional mem- 
berships shall be admitted by the Re- 
search Council. 

Section 3. There shall be an Execu- 
tive Committee of, and constituted by, 
the Engineering College Research Coun- 
cil; provided, however, that the Vice 
President of the Society associated with 
this Council shall be Chairman of the 
Council; and the President, Treasurer, 
and Secretary of the Society shall be 
ex officio advisory members without vote; 
and its powers shall be those delegated 
to it by this Council. 

Section 4. The Engineering College 
Research Council shall determine its own 
Bylaws which shall conform to the Con- 
stitution and Bylaws of the Society. 


Article Vill—Engineering College 
Administrative Council 


Section 1. There shall be an Engi- 
neering College Administrative Council 
whose purpose shall be (a) to relate the 
engineering colleges to public welfare by 
close cooperation with the agencies of 
the Government; (b) to bring about co- 
operation among engineering colleges in 
the interest of the engineering profession, 
industry, and the public at large; (c) to 
bring about cooperation between the en- 
gineering colleges of this country and 
those of other lands; (d) to cooperate with 
engineering societies, trade organizations, 
and commercial groups in the interest of 
engineering education; (e) to act as an 
instrument of inquiry into problems 
which contribute to effective administra- 
tion of engineering colleges; (f) to make 
the public conscious of the value of en- 
gineering education as a preparation for 
service to society in a technologic civili- 
zation. 


Section 2. Its membership shall in- 
clude one duly appointed representative 
each of such Active Institutional Mem- 
bers and Associate Institutional Members 
(non-voting) as are admitted to the En- 
gineering College Administrative Coun- 
cil. 
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Section 3. There shall be an Execu- 
tive Committee of, and constituted by, 
the Engineering College Administrative 
Council; provided, however, that the 
Vice President of the Society associated 
with this Council shall be Chairman of 
the Council; and the President, Treas- 
urer, and Secretary of the Society shall 
be ex officio advisory members without 
vote; and its powers shall be those dele- 
gated to it by this Council 

Section 4. The Engineering College 
Administrative Council shall determine 
its own Bylaws which shall conform to 
the Constitution and 
Society. 


Bylaws of the 


Article 1X—Sections, Branches, 
Divisions, and Committees 


Section 1. A section of the Society 


may be formed by 
Society in two or more institutions and 


members ot the 


for all members within a territory pre- 
scribed by the General Council. A Sec- 
tion may be formed by a _ temporary 
organization which shall become a duly 
authorized section of the Society upon 
the approval of the General Council 
Sections may determine their own form 
of organization, but shall operate in con 
formity with the Constitution and the 
Bylaws of the Society and shall make a 
report of their proceedings to the Sec 
retary of the Society. Sections shall be 
self-sustaining. 


Section 2. A Branch may be formed 
by members of the Society in any one 
or more institution(s) by a temporary 
organization, which shall become a duly 
authorized Branch of the Society upon 
approval by the Executive Board 
Branches may determine their own form 
of organization, but shall operate in con 
formity with the Constitution and the By- 
laws of the Society and shall make a 
report of their proceedings to the Sec 
retary of the Society. Branches shall be 
self-sustaining. 

Branches may cooperate with, or be 
a part of, other organizations having the 
same general purposes as this Society 
The general purpose of Branches is to 
extend the interest in, and the discussion 
of, questions relating to the teaching of 
engineering students and to bring to the 
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Society at large, through its publications, 
the activities in all institutions that will 
be serviceable to the members of the 
Society. 

Section 3. The General Council may 
establish Divisions of the Society in 
areas of instructional responsibility gen- 
erally existing in engineering colleges, 
e.g., mathematics, electrical engineering, 
etc., and in fields of major interest within 
the Society not directly related to in- 
struction 

Section 4. The Executive Board, the 
General Council, the Engineering Col- 
lege Research Council, the Engineering 
College Administrative Council, and the 
rechnical Institute Counci! may establish 
committees in their respective domains 


as prescribed in the Bylaws 


Article X—Election of Officers 


Section lI. 
and four Vice Presidents, who must be 
members of the Society, shall be elected 
by mail ballot of the individual member- 
ship. The President and Treasurer shall 
be elected annually. The two Vice Presi- 
dents for General and Regional Activi- 
ties shall be elected in alternate years. 
The Vice President for Instructional Divi- 
sions and Committee Activities and the 


The President, Treasurer, 


Vice President for General Divisions and 
Committees shall be elected in alternate 
years. The two Vice Presidents associated 
with institutional membership shall be 
elected at the annual meeting of the 
Society in alternate vears for respective 
terms of two vears by their respective 
councils 

Section 2. There shall be a Nominat 
ing Committee consisting of the three 
Junior Past Presidents, senior member 
to be chairman, and those General Coun 
cil members elected by the Sections and 
Divisions whose terms expire in the year 
in which the annual meeting is held. 


Section 3. By means of a form fur- 
nished at the beginning of each academic 
year, an opportunity shall be given to 
individual members of the Society to 
submit names of persons to be considered 
for nomination. These names, on the 
forms provided, shall be sent to the Sec- 
retary of the Society not less than thirty 
(30) days prior to the fall meeting of the 
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General Council. The Secretary shall 
submit the suggested names to all mem- 
bers of the Nominating Committee. At 
the time of the fall meeting of the Gen- 
eral Council the Nominating Committee 
shall select candidates whose names shall 
be made available to the entire member- 
ship in December or January. After the 
publication of the nominees proposed by 
the Nominating Committee, other nom- 
inations may be made by petition of 50 
signatures of members of the Society in 
good standing. Each nominee must have 
indicated his willingness to serve if 
elected before his name can be placed 
on the ballot. In February or March 
ballots giving the names of all candidates 
will be provided. Ballots received by the 
Secretary by March 31 shall determine 
the election of the officers as of April 1. 
Their terms of office shall begin ten days 
after the date of the annual meeting. 


Article Xl—Dues 


Section 1. 
sion fee. 


There shall be no admis- 


Section 2. The annual dues shall be 
as stated in the By-laws of the Society, 
and any change in the dues of individual 
membership shall be determined by letter 
ballot of such membership. 

Section 3. A member elected prior to 
February 1 in any fiscal year shall pay 
the full dues of that year; if elected after 
February 1, he shall pay half the dues 
of that year. 

Section 4. Dues are payable in ad- 
vance at the beginning of each fiscal year 
and shall be considered in arrears if not 
paid by the end of the fiscal year for 
which they are assessed. Dues of new 
members are payable at the time of elec- 
tion and shall be considered in arrears if 
not paid by the end of the fiscal year 
within which they are elected. 

Section 5. Members in arrears one 
year shall be retained on the roll of the 
Society. 
two years, and who have been duly 
notified by the Secretary shall be dropped 
from the roll of the Society. Anyone who 


Members who are in arrears 


has been dropped from membership for 
non-payment of dues may renew _ his 
membership by applying in the usual 
way and paying the arrearage in dues for 
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the year during which he received the 
JOURNAL OF ENGINEERING EDUCATION. 

Section 6. Honorary members shall 
be exempt from payment of dues. 


Article Xi!l—Meetings 

There shall be at least one annual 
meeting at such time and place as the 
Society at the preceding meeting, or the 
Executive Board, if the Society does not 
act, may determine. The Executive 
Board shall authorize the time and place 
of meetings held under the auspices of 
Divisions and Committees excepting 
those held at national conventions of the 
Society. 


Article X11|—Publications 

Section 1. The Executive Board shall 
authorize all official publications of the 
Society and shall also prescribe the rights 
of the several grades of members in con- 
nection with these publications. 

Section 2. Papers and discussions pre- 
sented before Sectional, Branch, Divi- 
sional, and annual meetings or submitted 
in contests in Sections, Branches, Divi- 
sions, and the Society at large shall be 
the property of the Society and may be 
published as Society proceedings if au- 
thorized by the Publications Committee. 
The Secretary shall have authority to 
waive property rights of the Society or to 
grant permission to publish such papers 
and discussions elsewhere on condition 
that the Society receives proper credit. 


Article XI1V—Amendments 


This constitution may be amended by 
a favorable vote of the individual mem- 
bers of the Society, the proposed amend- 
ment being approved if at least two- 
thirds of the ballots returned within 
thirty (30) days after they are mailed out 
are favorable; and provided further (a) 
that the proposed amendment has first 
been voted upon by each of the four 
councils of the Society and (b) that the 
results of such votes be recorded in the 
notice sent out to the membership with 
the ballots. 


Article XV—Technical Institute Council 

Section 1. There shall be a Technical 
Institute Council, whose purpose shall 
be (a) to relate the Technical Institutes 
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to public welfare by close cooperation 
with the agencies of the government 
(b) to bring about cooperation between 
technical institutes in the interest of the 
engineering profession, industry and the 
public at large; (ce) 
operation between the technical insti 


to bring about co- 


tutes of this country and the engineering 
colleges of this country and those of othe: 
lands; (d) to cooperate with engineering 
societies, trade organizations and com 
mercial groups in the interest of tech 
nical institute education; (e) to act as an 


instrument of inquiry into problems 
which contribute to effective administra 
tion of technical institutes; (f) to make 
the public conscious of the value of 
technical institute education as a prepa 
ration for service to society and t tech 
nologic civilization 

Section 2. 
clude one duly appointed representative 


Its membership shall in 
of each of such active institutional mem 
bers and associate institutional members 
(non-voting) as are admitted to the Tech 


nical Institute Council 


There shall be an Eexecu 
tive Committee of and constituted by the 
Technical Institute Council 
however, that the Vice President of the 


society associated with this council shall 


Section 3. 
provided 
be chairman of the committee: and the 


President 
this Soc iety shall be ex officio advisoi 


Treasurer, and Secretary of 


members without vote ind its powe 


shall be those de legated to it by this 
] 


council 

Section 4. The Technical Instit 
Council shall determine its o Byla 
which shall conform to the Constitut 


and Bylaws of the Societ 


BYLAWS OF THE SOCIETY 


First. The Executive Board shall ar 
range for the annual meeting and pre 


pare a program tor it. 


Second. Each Vice President shall sub 
mit a proposed budget for the activities 
for which he is responsible, to the Execu- 
tive Board through the Secretary, who 
shall incorporate it with the General ( 
3udget so that the total proposed budget 


] 


mav be submitted to the Executive Board 


before May 1. 
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Third. Disbursements from the funds 
of the Society shall be made by the 
Treasurer in accordance with the ap- 
proved budget or a direct appropriation 
authorized by the Executive Board for 
a special purpose, and upon vouchers 
signed by the Secretary of the Society. 

Fourth. Within the ceiling limits for 
dues hereby established, the dues of 
members may be adjusted annually by 
the General Council at the same Council 
Meeting at which the annual budget is 
considered. The dues shall be so ad- 
justed within the ceiling limits hereby 
established that over a reasonable period 
of years the Society shall not incur a 
deficit that in the opinion of the General 
Council might endanger continuity of 
operations. 

The ceiling on dues shall be $7.00 per 
year for those who have not reached 
their 36th birthday at the beginning of 
the fiscal year (July 1) and $10.00 per 
vear for all other individual members 
Except for the first year after the adop- 
tion of this Bylaw, the increase in dues 
approved at any one time shall not ex- 
ceed $1.00 for individual members. 

During the first year after adoption 
of this Bylaw, the dues for individual 
$6.00° for members 
who have not reached their 36th birth- 
day by July 1, 1954, and $8.00° for all 
other members 


members will be 


The annual dues of institutional mem- 
vers will be as follows: 
1. Active Members 
Participating in only one In 
stitutional Council, $75.00 
) Participating in two Institu 
tional Councils, $100.00 
c. Participating in all Institu 
tional Councils, $125.00 
Associate Members, $75.00. 
3. Industrial Members, $75.00 
t. Affiliate Members, $35.00 


Fifth. The fiscal year of the Society 
shall be July 1 to June 30 

Sixth. The Secretary of the Society 
shall be Secretary of the Executive Board. 

Seyenth. Committees reporting to 
either Institutional Council shall be au- 


®° By action of General Council, June, 1961, dues 
for individual members were established at $7.00 
for members who have not reached their 36th birth 
day by the beginning of that fiscal year and $10.00 


for all others 
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thorized by the Executive Committee 
concerned and be appointed by the Vice 
President concerned. Committees of Sec- 
tions, Branches, or Divisions shall be 
authorized by the body concerned and be 
appointed by the chairman of the body 
concerned. ‘The ASEE Awards Commit- 
tees (both for specific Society prizes and 
for coordination of award activities), the 
Membership Committees, the Financial 
Policy Committee, the Publications Com- 
mittee, the Public Relations Committee, 
the Annual Meeting Committee, and the 
Constitution and Bylaws Committee 
are appointed by the President and are 
responsible to the Executive Board. Other 
standing committees and committees for 
special projects authorized by the Execu- 
tive Board and General Council shall be 
appointed by the President with staff 
responsibility designated to the appro- 
priate Vice President. 

Eighth. There shall be a Publication 
Committee consisting of the President, 
the junior Past President, the Editor (ap- 
pointed by the Executive Board), the 
Chairman of the English Division (ex 
officio), the Secretaries of Engineering 
College Administrative Council and En- 
gineering College Research Council, and 
the Secretary of the Society, who shall 
be chairman. It shall be responsible to 
the Executive Board for the general ad- 
ministration of all official publications 
otf the Society. 

[he Editor shall be in direct charge 
of the JouRNAL OF ENGINEERING EpvuCa- 
rion. Publications authorized by the 
Engineering College Research Council 
ind the Engineering College Administra- 
tive Council shall be edited and pub- 
lished in accordance with plans of pro- 
cedure recommended by these respective 
Councils and approved by the Executive 
Board. 

The selling price of all publications 
shall be determined by the Executive 
Board on recommendation of the Publica- 
tions Committee. 

All income from publications shall be 
classified as income of the Society ap- 
plicable to the annual budget of the 
Society. 

Ninth. The Awards Policy Commit- 
tee is responsible for establishing and 
coordinating policy, including procedures 





414 JOURNAL OF ENGINEERING EDUCATION Vol. 52, No. 6 


for presentations, with respect to awards 
presented in the name of the Society or 
a constituent part of the Society. 
Tenth. These Bylaws, excepting as 
they relate to dues of individual mem- 
bers, may be amended by a two-thirds 
vote of the members present at any regu- 
lar meeting of the Society, provided that 
all individual and institutional members 
have been notified of the proposed 
amendment by notices published in the 
Journat at least thirty (30) days prior to 


the said regular meeting at which action 
is to be taken, and provided further that 
the proposed amendment has first been 
voted upon by the General Council and 
the results of such vote recorded in the 
notice sent out for the meeting at which 
the proposed amendment is to be acted 
upon. 

The dues of individual members may 
be changed only by a majority vote re- 
ceived by letter ballot of individual 
members. 
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Engineering College Research Council 


FORMERLY THE ENGINEERING COLLEGE RESEARCH ASSOCIATION 


I. Name 


The name of this organization shall be 
the Engineering College Research Coun- 
cil of the American Society for Engineer- 
ing Education. 


II. Purposes 


The purposes of the Engineering Col- 
lege Research Council, as set forth in 
Article VIII (Section 1) of the Constitu- 
tion of the American Society for En- 
gineering Education, shall be to assist 
in developing research facilities of en- 
gineering colleges: 

a). To further advanced study in col- 
leges of engineering and to develop and 
coordinate industrial and_ scientific re- 
search; 

b). To undertake research designed 
to promote engineering advancement and 
industry, public 
works, public health, and conservation 


economic adjustment it 


and development of natural resources, 
and similar activities; 

Cc To cooperate w ith other associa- 
tions and government agencies in the 
prosecution and promotion of research 
and to collaborate with them to prevent 
duplication of effort and achieve maxi- 
mum utilization, coordination, and de- 
velopment of engineering and scientific 
research facilities; and 

d). To publish periodic reports, stud- 
ies, papers, and investigations of signifi- 
cant value to engineering colleges and 


cooperating research agencies 


III. Membership 


1. Active membership in the Enginee 
ing College Research Council may be 
granted only to institutions of higher 
education granting degrees in engineer- 
ing, which normally require four or more 
years of academic study at the bacca- 
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(As Amended January, 1961) 


laureate level or above, and which have 
one or more engineering curricula ac- 
credited by the Engineers’ Council tor 
Professional Development, or it not with- 
in its jurisdiction, must have one or more 
engineering curricula whose standards as 
judged by a competent accrediting agen- 
cy are no lower than those of that 
Council, provided that appropriate re- 
search activity shall have existed at the 
institution for a period of at least three 
(3) years based on the following criteria: 
a) the research is conducted in close 
coordination with the institution’s en- 
gineering educational program; b) there 
is administrative encouragement of re- 
search as evidenced by appropriately re- 
duced formal teaching loads of faculty 
members to provide time for research; 
the publications and reports re- 
sulting from engineering college research 
activities demonstrate that the faculty 
members have made productive use of 


and C 


the time available for research. The 
term “research” as used herein means 
original investigations including studies 
leading toward the discovery of new 
processes, devices, or materials and does 
not include routine testing. Member- 
ship may preferably be taken out by the 
institution in the name of its Engineering 
Experiment Station, Engineering Re- 
search Institute or Division, or Engineer 
ing College, School, or Department. 

2. A member institution must main- 
tain a high record of performance in 
engineering research to remain in good 
standing as an active member. 

3. Associate membership shall be con- 
fined to libraries, associations, companies, 


wr individuals having an interest in en- 
gineering research such as to warrant, in 
the opinion of the Executive Committee 
of the Council, affiliation with the Coun- 
cil. Associate members shall have no 
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vote, but may otherwise participate in 
all of the activities of the Council. 


4. An institution may be proposed for 
membership in the Engineering College 
Research Council by an official repre- 
sentative of any member institution who 
is familiar with the work of the institu- 
tion proposed; or application for admis 
sion may be made directly by a respon 
sible officer of the institution concerned. 


5. Applications for membership in the 
Engineering College Research Council 
shall be addressed to the Secretary of the 
American Society for Engineering Edu 
cation, who shall refer such applications 
to the Executive Committee of the Engi 
neering College Research Council. 

6. Membership shall be conferred by 
the Executive Committee of the Engi 
neering College Research Council by a 
two-thirds vote of the members of th« 
Committee, after the eligibility of the 
applicant for membership in the Council 
shall have been determined by the Exec 
utive Board of the American Society for 
Engineering Education. 

7. Membership in the Engineering 
College Research Council may be can 
celled by a three-fourths vote of the 
members of the Council present at a 
called meeting and upon the recom 
mendation of the Executive Committee 
for such causes as (1) poor technical per 
formance, (2) acts tending to bring the 
Council into disrepute. 


8. The Executive Committee of the 
Engineering College Research Council 
may cancel membership in the Council 
for non-payment of dues. 

9. Each active member of the Engi 
neering College Research Council shall 
be entitled to one vote. The vote for each 
institutional member shall be cast by 
the person authorized by the President 
of the Institution as its representative to 
the Council 


IV. Dues 
Dues to be paid for membership in 
the Engineering College Research Coun- 
cil shall be as specified in the Constitu- 
tion and Bylaws of the American Society 
for Engineering Education and shall be 
payable to the Treasurer of that Society. 


V. Officers 


l. The officers ot the Engineering 
College Kesearch Council shall consist ot 
a Chairman, two Vice-Chairmen, a Sec- 
retary, and six Directors. 
with the exception of the Secretary, shall 
constitute the voting members of the 
Executive Committee of the Council 


hese otticers, 


2. The President, Secretary, and Treas- 
urer of the American Society for En- 
gineering Education shall be ex officio 
advisory members without vote of the 
Executive Committee of the Engineering 
College Research Council 

3. The Chairman and two Vice-Chair- 
men of the Engineering College Research 
Council shall be elected by the method 
provided in these By-laws for two (2 
The Directors shall be elected by 
the method provided in these By-laws fo1 
The Secretary 
shall be appointed by the Executive 


years 
terms of three (3) years 


Committee 

{!, The Chairman of the Engineering 
College Research Council shall perform 
the executive duties which usually de 
volve upon that office. He shall, by 
virtue of his office in the Engineering 
College Research Council hold oftice 
President of the Am 
Societv for Engineering Education 

5. The Chairman of the Engineering 


College Research Council, with the ad 


is a Vice 


vice of the Executive Committee, shall 
ippoint such committees as ire deem | 
necessary; except that he shall recom 
mend to the President of the American 
Society for Engineering Education th 
personnel of the Engineering College R« 
search Council Committee on Publica 
tions which shall constitute a Sub-com 
mittee of the Publication Committee of 
the American Society for 
Education, the personnel of which shall 
be approved by the Executive Board of 


Engineering 


the American Society for Engineering 
Education. 

6. The Chairman of the Engineering 
College Research Council shall receiv 
and account for all gifts of funds o1 
property to the Council and shall approve 
all bills and vouchers for payment by the 
Treasurer of the American Society for 


Engineering Education to cover expenses 
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of the Engineering College Research 
Council. 

7. The functions and duties of the 
Executive Committee of the Engineering 
College Research Council shall be as fol- 
lows: 

a). The Executive shall 
have charge of all matters relating to the 
expenditure of funds budgeted to the En- 


Committee 


gineering College Research Council by 
the Executive Board of the American 
Society for Engineering Education, the 
making of contracts, and the approval 
of bills 

b). The Executive shall 
authorize all official publications of the 
Council as prov ided by Article VIII (Sec- 


Committee 


tion 1) of the Constitution of the Amer- 

ican Society for Engineering Education 
c). During intervals between meetings 

ot the Engineering College Research 


ymmittee shall 
the 


Council, the Executive ¢ 


formulate the general policies of 
Council 

d). The Executive Committee shall, 
before May 1 of each year, prepare an 
Engineering College 
budget for the following fiscal year to be 


submitted to the Executive Board of the 


Research Council 


American Society for Engineering Edu 
cation by the President of the Council 
ar} The shall 


submit at each 


Executive Committee 
ictivities 
annual meeting of the Council 

f). A quorum of the Executive Com- 
for the 


shall comprise five 


a report of its 


mittee transaction of business 
5) of its voting mem 
bers 


8. Any elected officer of the Engineer- 


ing College Research Council may be 
re-elected to succeed himself for two (2 
consecutive terms Thereafter at least 


one term shall elapse before he is again 
eligible to hold the same office 

9. A member of the Executive Com- 
mittee of the Engineering College Re 
Council elected to an 
office of the Council other than the one 
he holds, but his former membership on 


search may be 


the Committee shall cease and another 
person shall be elected at once to finish 
his unexpired term as a member of the 
Committee 

10. In case of vacancy of the office 
of Chairman, the Senior Vice-Chairman 
shall succeed to that office. Any vacancy 
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in an office of the Executive Committee 


except that of the Chairman shall be 
filled by a special election for that pur- 
pose. 

ll. No elected officer may receive 


any salary from the Engineering College 
Research Council. 

12. The term of newly elected officers 
shall begin on July 1 following the an- 
nual election. In the case of special elec- 
tions, the term of the newly elected 
officers shall begin ten (10) days after 
their election. Elected officers shall hold 
office until their shall have 
been elected and qualified 


Successors 


VEL 


1. The Chairman of the Engineering 


Elections 


College Research Council shall be elected 
biennially. One Vice-Chairman and two 
Directors shall be elected annually. 

2. At each annual meeting the Execu- 
tive Committee of the Enginering Col- 
shall elect by 
majority vote of those present a Nomi- 
members 
For 
annual elections of officers, the 
shall 
one or more members for each vacancy 
A letter ballot containing these nomina- 
tions with spaces provided for writing 
other than 
nominated. shall be circulated to the mem- 
bers not less than sixty (60) days before 
the date of the annual meeting and shall 
be returnable to the Secretary of the 
Council not later than five (5) days be- 
the date of the annual meeting. 
Election shall be by plurality vote for 
eae h office. 


lege Research Council 
nating Committee of three (3 
to serve during the ensuing year. 
regula 
Nominating 


Committee nominate 


names of candidates those 


fore 


3. Special elections to fill vacancies 
in the membership of the Executive Com- 
mittee shall be conducted by the method 
just described except that a nomination 
shall be made by the 
Nominating Committee within thirty (30 
days after the vacancy occurs and the 
ballots shall be canvassed within thirty 

30) days after the date of mailing ballot 
forms to members 


or nominations 


VII. Fiscal Year 
The fiscal the Engineering 
College Research Council shall be from 
July 1 to June 30. 


year of 
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VIII. Meetings 


1. A meeting for the transaction of 
the business of the Engineering College 
Research Council shall be held each year 
at approximately the same time and place 
as the annual meeting ot the American 
Society for Engineering Education. The 
time and place of the annual meeting of 
the Council shall be announced to the 
membership of the Council not less than 
sixty (60) days before the date of the 
meeting. 

2. Special meetings of the Engineer- 
ing College Research Council may be 
called by the Executive Committee as 
needed upon thirty (30) days’ notice to 
the membership of the Council. 

3. Meetings of the Executive Com- 
mittee of the Engineering College Re 
search Council may be called by the 
Chairman as needed upon fifteen (15) 
days’ notice to the membership of the 
Committee. 


IX. Gifts 


1. The Engineering College Research 
Council may accept gifts from individ- 
uals, firms, or associations, from the 
Federal Government, or from State Gov 
ernments, or their agencies, provided that 
such gifts are for the furtherance of the 
purposes of the Council. 


2. Custody of funds or property re 
ceived as gifts of the Engineering College 
Research Council shall be the responsi 
bility of the Chairman of the Council. 


3. The Engineering College Research 


Council may use, expend, or dispose of 
the funds or property received from gifts 
or from other sources in accord with the 
terms of the gifts or, as near as may be, 
in carrying out their general objects and 
purposes and may generally expend the 
funds in furtherance of the purposes ot 
this organization as set forth in these 
Bylaws and in Article VIII (Section 1 
of the Constitution of the American 
Societv for Engineering Education 


X. Amendments to Bylaws 


These Bylaws may be amended by a 
two-thirds vote of the members of the 
Engineering College Research Council 
canvassed by letter ballot. Proposed 
amendments shall be submitted in writ- 
ing to the Secretary of the Council by 
petition signed by not fewer than ten 
(10) members of the Council. Proposed 
amendments shall be circulated by mail 
to the members of the Council and shall 
be voted upon by letter ballot, the vote 
to be canvassed by the Secretary not less 
than thirty (30) davs following the cir- 
culation of the amendment 
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Engineering College Administrative Council 


I. Name 


The name of this organization shall be 
the Engineering College Administrative 
Council of the American Society for En 
gineering Education 


Purposes 


The purposes of the Engineering Col 
lege Administrative Council, as set forth 
in Article III (Section 1) of the Constitu- 
tion of the American Society for En 
gineering Education, shall be: 

a). To relate the engineering colleges 
to public welfare by close cooperation 
with the agencies of the Government; 

b). To bring about cooperation among 
engineering colleges in the interest of the 
engineering profession, industry, and the 
public at large; 
be 
this 


To bring about 
tween the engineering colleges of 


c). cooperation 


country and those of other lands: 
d). To 


societies, trade organizations, 


cooperate with engineering 
and coImn- 
mercial groups in the interest of engineer- 
ing education; 

e). To act as an instrument of inquiry 


into problems which contribute to effec- 


tive administration of engineering col 
leges; 
f). To make the public conscious of 


the value of engineering education as a 
preparation for service to society in a 
technologic civilization 


Ill. Membership 


Membership in the Engineering Col- 
lege Administrative Council shall consist 
of one duly appointed representative of 
each such Active Institutional Members 
and Associate Institutional Members 
(non-voting) as are admitted to the En- 
gineering College Administrative Council. 
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(Adopted November, 1948) 


IV. Executive Committee 

1. There shall be an Executive Com- 
and constituted by, the En- 
gineering College Administrative Coun- 
cil; provided, however, that the Vice 
President of the Society associated with 
this Council shall be Chairman of the 
Council; and the President, Treasurer, 
and Secretary of the Society shall be ex 
officio advisory members without vote; 
and its powers shall be those delegated 
to it by this Council. 


mittee of, 


2. The Executive Committee shall con- 
sist of seven (7) elected members includ- 
ing its officers. These members shall be 
duly appointed representatives of Active 
Institutional Members and shall consti- 
tute the voting members of the Executive 
Committee 


V. Officers 


l. The officers of the Engineering 
College Administrative Council shall con- 
sist of a Chairman and a Secretary who 
shall perform the duties which usually 
devolve upon those officers. 

2. The Chairman, the Secretary, and 
the remaining five (5) members of the 
Executive Committee shall be elected by 
the method provided in these Bylaws 
2) years, except that at 
the first election after adoption of these 
Bylaws two (2 


for terms of two ( 


members of the Execu- 
tive Committee, other than the officers, 
shall be elected for one (1) year terms. 

3. Any elected officer of the Engineer- 
ing College Administrative Council may 
be re-elected to succeed himself for two 
(2) consecutive terms; thereafter at least 
one (1) term shall elapse before he is 
again eligible to hold the same office 

4. In case of vacancy of the office of 
Chairman, that office shall be filled by a 
special election for that purpose to fill 
the unexpired term. In case of vacancy 
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of the office of Secretary or a vacancy 
in the membership of the Executive Com- 
mittee, the remaining members of the 
Executive Committee shall fill the va- 
cancy for the unexpired term by a 
majority vote. 

5. The term of newly elected officers 
except those filling vacancies shall begin 
ten (10) days after the annual election. 
The terms of office of those elected to 
fill vacancies shall begin immediately 
after their election. 


VI. Elections 


The Chairman and Secretary of the 
Engineering College Administrative 
Council and two (2) members thereof 
shall be elected biennially; with the ex- 
ception noted in Article V, Section 2. 
The three (3) remaining members of the 
Executive Committee shall be elected in 
the alternate years. 

2. Prior to each annual meeting of 
the Society, the Chairman of the Execu- 
tive Committee of the Engineering Col- 
lege Administrative Council, with the 
approval of that Committee, shall ap- 
point a Nominating Committee of three 
(3) members to serve for the elections 
during that annual meeting. 

For regular annual elections of officers, 
the Nominating Committee shall nomi- 
nate one or more members for each 
vacancy. A letter ballot containing these 
nominations, with spaces provided for 
writing names of candidates other than 
those nominated, shall be circulated to 
the members not less than sixty (60) days 
before the date of the annual meeting 
and shall be returnable to the Secretary 
of the Council not later than five (5) 
days before the date of the annual meet- 
ing. Elections shall be by plurality vote 
for each office 

Special elections to fill vacancies in 
the membership of the Executive Com- 
mittee shall be conducted by the method 
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just described except that a nomination 
or nominations shall be made by the 
Nominating Committee within thirty (30) 
days after the vacancy occurs and the 
ballots shall be canvassed within thirty 
(30) days after the date of mailing ballot 
forms to members. 


VII. Fiscal Year 


The fiscal year of the Engineering Col- 
lege Administrative Council shall be from 
July 1 to June 30. 


VIII. Meetings 


1. A meeting for the transaction of 
the business of the Engineering College 
Administrative Council shall be held each 
year at approximately the same time and 
place as the annual meeting of the Amer- 
ican Society for Engineering Education. 
The time and place of the annual meet- 
ing of the Council shall be announced 
to the membership of the Council not less 
than sixty (60) days before the date of 
the meeting 

2. Special meetings of the Engineer- 
ing College Administrative Council may 
be called by the Chairman of the Execu- 
tive Committee as needed upon reason- 
able notice to the membership of the 
Council. 


IX. Amendments to Bylaws 


These Bylaws may be amended by a 
two-thirds vote of the members of the 
Engineering College Administrative 
Council present at any annual meeting 
Amendments may be submitted by ma- 
jority vote of the members of the Execu- 
tive Committee of the Council, or by 
petition signed by not fewer than ten 
(10) members of the Council. Proposed 
amendments shall be circulated by mail 
to members of the Council not less than 
thirty (30) days prior to the annual meet- 
ing at which the amendments will be 
presented for adoption. 











The Quest for Quality Engineers 


JOHN W. MACY, JR. 


Chairman, U.S. Civil Service Commission 


The term “cooperative education” has 


increasing validity and more pertinent 
meaning as we assess the growing role ol 
the engineer 
Only through the collaboration of all in 


terested groups can the critical goals of 


in our dynamic society 


that society with its advancing technol 
Only through the 
joining of related institutions in the com 


ogy be approached. 


mon cause Can the necessary progress be 
achieved—progress which is essential not 
only to support our productive needs but 
to strengthen the defense and welfare of 
the Our 
quest—is to secure an ever growing sup 
ply of quality to the 
mounting and diversified demand 


nation. common cause—oul 


engineers meet 

Often we may become so engrossed in 
our own particular programs and_ their 
attendant problems that our viewpoints 
become narrow. They exclude the insti 
tutional partners essential to cooperation 
It is very beneficial to look objectively at 
what we are each pursuing in the light of 
how our task relates to the overall objec 
tives—how our jobs can propel us toward 


our national goals. 


This quest calls for the enlistment of 


all, whether college, an 
industry, or the Government 


for 


representing a 
1 am sure 


vou share my concern this common 


Address to the Cooperative Edu- 
cation Division of the American 
Socicty for Engineering Education 
at their 13th annual midwinter 
meeting, Washington, D. C., Janu 
ary 23, 1962 
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cause in seeking an adequate number of 
I will approach 
the quest for quality engineers from four 
broad viewpoints: 


high-quality engineers. 


Che national need for quality engi- 
neers; 
Possible 


to 
the shortage and improve the qual- 


steps designed overcome 


ity of engineers; 
The Government as a pace-setter; and 
Major items of unfinished business. 


The National Need 
Chis 


the gravity of our times. 


audience needs no reminder of 
The challenge 
of change and the degree of threat are 
without historical precedent. From the 
standpoints ot com- 


merce, human welfare, world opinion, 


national defense, 
and technology. our nation’s leadership 
in world affairs is being tested in terms 
of vast scope and intense urgency. 
Professional engineers have made pro 
found contributions toward the building 
of 
a major world power. In applying scien- 
tific 
tions of life for mankind, American engi- 


America from a wilderness frontier to 
findings to create improved condi- 


neers have truly earned the gratitude and 
respect of all citizens. 

Circumstances do not permit us the 
luxury of pausing to pay tribute to past 
accomplishments nor present vital con- 
Instead, we 
must encourage them to accelerate the 


tributions of our engineers. 


pace of creativity. And we must extend 
to to 
and bolster their ranks for the periods of 


our efforts the extreme augment 


Mar. 


1962 
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challenge which lie ahead. 

President Kennedy provided an ap- 
propriate theme in his January statement: 
= one of the most critical problems 
facing this nation is the inadequacy of 
the supply of scientific and technical man- 
power, to satisfy the expanding require- 
ments of this country’s research and de- 
velopment efforts in the near future. 

“In 1951, our universities graduated 
19,600 students in the physical sciences. 
In 1960, in spite of the substantial in- 
crease in our population, during the last 
ten years, and in spite of the fact that the 
demand for people of skill in this field has 
tremendously increased with our efforts 
in defense and space industrial research, 
and all of the rest, in 1960, the number 
had fallen from 19,600 to 17,100. In 
1951 there were 22,500 studying in the 
biological sciences. In 1960 there were 
only 16,700. In the field of engineering, 
enrollment rose from 232,000 to 269,000, 
in the period from 1951 to 1957. Since 
1957, there has been a continual decline 
in enrollment. Last year the figure was 
down to 240,000. 


“This is a matter of growing concern. 
It is more than a matching of numerical 
supply to anticipate a demand, for this 
alone would be difficult. Because of the 
seriousness of this problem for the long 
range future of the United States, I have 
asked my Science Advisory Committee, in 
cooperation with the Federal Council for 
Science and Technology, to review avail 
able studies and other pertinent informa- 
tion, and to report to me as quickly as 
possible on the specific measures that can 
be taken within and without the govern 
ment to develop the necessary and well- 
qualified scientists and engineers and 
technicians to meet our society's complex 
needs—governmental, educational and in- 
dustrial. 


“In undertaking this task, the commit- 
tee will draw on the advice and assist- 
ance of individuals and agencies, includ- 
ing, the National Academy of Sciences, 
which will shortly begin at my request a 
new study of scientific and technical man- 
power utilization. 


“To all those who may be within the 
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sound of my voice or who may follow 
your stories in the papers, I want to em 
phasize the great new and exciting field 
of the sciences and while we wish to em 
phasize always the liberal arts, I do be 
lieve that these figures indicate a need on 
the national level and also a great op 
portunity for talented young men and 
women. I hope that their teachers and 
their school boards, and they, themselves, 
and their families, will give this matte) 


consideration in developing their ca 


reers. | 

Let us examine some conditions which 
reinforce the President's expression of the 
need for more and better engineers. ji 


America. 

First, there is the race for survival. In 
our progress into the era of space explora 
tion and nuclear application, we must 
compete with the state-controlled and 
produced technical resources of the Soviet 
Union. This rival technology functions 
in direct support of ideological and na 
tional goals which threaten freedom and 
world peace. 


While our total national strength is in 
volved in this race for survival, and while 
our national leadership is constantly ex 
erting its strongest efforts in peaceful ne 
gotiations to avert wars, military might 
and superior technology are necessary to 
support our diplomacy. Our rival em 
plovs technical means as instruments ol 
power and propaganda. In this competi 
tion it is well to repeat an axiom, “Thx 
best is vastly more important than the 
next best.” In every struggle to date we 
have been able to design and produce the 
best. Adequate numbers of qualified en 
gineers can help us to have the best as 


each new need arises. 


for the 


friendship and loyalty of numerous “new 


Second, we are competing 


nations and a number of struggling “old 
nations. It takes little imagination to ap 
preciate how the fruits of an engineer's 
mind can influence the success of om 
overseas ventures. 

We tend to take for granted what we 
see in driving past a mechanized Iowa 


‘Excerpt from President Kennedy's Pres: 
Conference, January 15, 1962 











Mar. 1962 


THE QUEST FOR QUALITY 


farm, a hydroelectric dam on the Colo 
rado, a magnificent bridge across San 
Francisco Bay, a productive factory in 
Detroit. But we have difficulty trying to 
give credence to the fact that a majority 
of the world’s citizens are hungry, and 
their agricultural and production methods 
primitive. As these people develop, and 
as they strive to fulfill aspirations for dig- 
nity and improved conditions, they can 
go:'in one of two ideological directions 
Available American engineers can help in 
guiding the productive efforts of these 
people away from a future of slavery and 
into productive freedom. 

Third, we are entering a most competi- 
tive era in business and commerce. Eu- 
rope is adopting a common market prin 
ciple of free trade which will challenge 
our production and technological facili 
ties as they have never been challenged 
before. Those nations have progressed 
rapidly since World War Il. The dis 
tance between member nations reduces 
the transportation cost of consumer items 
from one nation to another. Population 
concentration and removal of traditional 
state barriers will stimulate a hopeful 
community of economic interest 

Unless American industry can become 
truly competitive, significant world mar 
kets enjoyed for years by American busi- 
ness will be lost. To compete, we must 
improve our industrial technology, our 
production techniques, and our product 
quality. The genius of American engi- 
neering must generate a flow of competi 
tively-priced goods while the high stand 
ard of American living is sustained. 

Compounding the threat of possible 
losses of markets abroad, an expanding 
population in America will tax the pro 
ductive capacity of American industry to 
a greater and greater degree as the vears 
unfold. More citizens will require more 
produc ts, more services, and more Oppo! 
tunity to find work. This focuses atten 
tion on the need for more and better en- 
gineers in industry. 

Fourth, there is an increasing need for 
engineers in the teaching profession. It 
the nation must provide more engineers 
for Government, industry, and other in- 
stitutions, we must not neglect the seed 
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beds. According to a report made last 
vear by the National Science Founda- 
tion, the percentage of American college 
graduates in their proper age grouping 
can be expected to double every 18 years. 
Further, the percentage of graduate stu- 
dents who earn doctorate degrees in 
science and engineering has been dou- 
bling every 12 years. Statistics show that 
100 doctorates were awarded in science 
and engineering in 1920, 6,600 in 1960, 
and by projection, there will be 13,000 
in 1970. We must ask, who will teach the 
teachers? What about the need for more 
and better engineers in education? 

My fifth point reflects a paradox. 
While the national population will be 
expanding in the next decade and _ be- 
yond, a skilled manpower squeeze has 
been predicted by the Labor Department 
for the remainder of the Sixties. Im- 
provements in medicine, reflected in bet- 
ter health, will extend the lifespans of our 
older citizens and the post-war baby 
boom will swell the ranks of our younger 
citizens. Meanwhile, the low birth rate 
of the depression Thirties will manifest 
itself in the form of an acute shortage 
in the age bracket where greatest pro- 
ductivity is expected. 

While this poses a definite handicap in 
our effort to increase the quantity of pro- 
ductive engineers in this decade, it points 
clearly to a need for improving the qual- 
itv of those we do educate and _ utilize. 
We must emphasize the greatest possible 
utilization of those engineers who are 
available. 

Point six is rather frightening. It is a 
comparison between American and Rus- 
sian education of engineers. The Na- 
tional Science Foundation has published 
the findings of Nicholas De Witt, an as- 
sociate at Harvard University’s Russian 
Research Center. Here are some of his 
findings. 

Soviet Russia, with little stress on lib- 
eral arts education, is graduating two to 
three times as many scientists and engi- 
neers as the United States. The rate of 
education is being accelerated. 


The Soviet philosophy of higher educa- 
tion is firmly rooted in the conviction that 
a man is destined to perform a specific 
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task in society. Those who advance into 
higher education, therefore, must become 
specialists so that they make maximum 
use of their capabilities. 

Soviety leaders firmly believe that the 
international competition between the 
Western Democracies and the Commun- 
ist world will be decided in the field of 
science and technology. As such, the So- 
viet scientific and technical manpower 
buildup has become the principal source 
of Communist strength. 

“This type of one-sided scientific and 
technical education,” says Mr. De Witt, 
“producing specialists who are little in- 
terested in human and ethical values, ap- 
parently is considered to provide the most 
suitable and pliable kind of manpower 
for running the affairs of the Communist 
state.” 

Here are more of Mr. De Witt’s find- 
ings. The Soviet Union spends more than 
5 per cent of its gross national product 
on education. The United States spends 
about 3.6 per cent. 

More than half of all Soviet higher ed 
ucation graduates are women, who com- 
prise a third of all Soviet engineers, as 
contrasted with about one per cent of 
U. S. engineers. This contrast is so strik- 
ing that we must critically examine some 
of our longtime educational and profes- 
sional barriers to women. 

Mr. De Witt’s report contains more in- 
formation, but I believe I have made my 
point. We have reason to believe that 
the technical excellence of Russia’s engi- 
neering graduate is high, however inade- 
quately equipped he may be to cope 
with the complexities of human relations. 
And certainly we have no desire to sacri- 
fice our liberal arts emphasis in higher 
education to compete. 

Summarizing, it is clearly evident that 
we must produce more and better engi- 
neers to compete with our principal rival. 


Steps to Overcome the Shortage 
and Improve Quality 

Let us now turn our attention to ways 
and means by which we can accomplish 
our ends. The need is glaringly appar- 
ent. 
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Several avenues present themselves as 
possible solutions. 

President Kennedy, in his State of the 
Union Message on January 11, said: 

“I shall also recommend bills to im 
prove educational quality, to stimulate 
the arts, and, at the college level, to pro- 
vide Federal loans tor the construction of 
academic facilities and Federally-financed 
scholarships. 

“If this nation is to grow in wisdom 
and strength, then every able high school 
graduate should have the opportunity to 
develop his talents. Yet nearly half lack 
either the funds or the facilities to attend 
college. Enrollments are doubling in this 
decade. The annual cost per student is 
skyrocketing to astronomical levels—now 
averaging $1,650 a vear, although half of 
They 


cannot afford such costs—but this nation 


our families earn less than $5,000 
cannot afford to maintain its military 
power and neglect its brainpower.” 
There are many who would oppose 
education on the 
grounds that the cost to the taxpavel 
would be too high. They would also in 


Federally-subsidized 


voke the proverb that what comes free is 
not appreciated. In this race for survival 
[ think our failure to produce enough 
graduate engineers would be a great deal 
more expensive than any tax monev we 
spend on education. Furthermore, I do 
not believe that informed opinion would 
consider wasteful the G. I. Bill, with its 
subsidized college education for returning 
veterans. Some of our keenest engineers 
in vital today 


Government programs 


were educational beneficiaries of the G. | 
Bill. 

An even more important approach calls 
for general action to convince more stu 
dents to enroll in engineering colleges 
An even better and more intensive job of 
informing the public of the pressing de 
mand for engineers needs to be under 
taken by us all. As the President pointed 
out, current figures on the input of stu 
dents in engineering schools are not en 
couraging. Counseling, guidance and 
other constructive influences in career se- 
lection must point to engineering. 

While the President has expressed the 
Administration’s willingness to help both 
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the schools and the students from a finan- 
cial standpoint, it is entirely fitting for 
business, industry, and the foundations 
to consider increasing their contributions, 
both in the form of endowments to 
schools and scholarships to students. 


“Borrowing money for college” has be- 
come almost a colloquialism in American 
conversations. Loan programs in various 
forms are available to assist the financial- 
ly handicapped prospective student. I 
would like to propose that to an increas- 
ing degree we consider education as an 
investment. Kennedy — sug- 
gested that Federal loans supplement 
private resources which might be broad 
ened to encompass a long-term loan very 
much like a house mortgage which the 
student could pay off at reasonable inter 


President 


est rates over a reasonably long period of 
time. 

Most of you are directly concerned 
with a program which is a very desirable 
alternative—the program of cooperative 
education. I am happy to say that the 
Government's participation in this pro- 
gram is expanding, and we hope to in- 
crease our efforts even more 


The very basis for a cooperative engi- 
neering education plan was sound. When 
Herman Schneider set out to discover 
why certain engineering graduates 
showed marked ability after graduation, 
he found that they had either worked 
while attending. college, worked during 
vacation, or stayed out of college a period 
of time in order to earn money to con 
tinue their education. When he joined 
the staff of the University of Cincinnati 
in 1903, he immediately approached in- 
dustrial executives with a new plan for 
engineering training. Thus the cooper- 
ative plan, under which a student alter 
nates his formal schooling with on-the 
job training, was born in 1906. 


Enough schools have sent enough stu- 
dents to enough employers under the co- 
operative plan for enough years that some 
positive statements can be made: 

The net worth of the cooperative plan 
can be best measured in productivity of 
the individual. If a student at age 18 en- 
ters college under conventional stand- 
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ards, graduates at age 22, and spends 
three years on the job, he has reached 25 
by the time he is much of an asset to the 
employer. A cooperative plan student, 
on the other hand, spends two or three 
semesters on campus, then alternates for- 
mal schooling with progressive on-the- 
job experience. His formal education has 
taken the usual four years, but by alter- 
nating formal education and_ practical 
experience throughout the four seasons 
of every year, he is graduated in five 
years and has acquired the experience 
equivalent to three years on the job. His 
age is 23. Therefore, the net worth of 
the cooperative plan may be described in 
algebraic rather than in simple mathe- 
matical terms. 


Co-op students learn _ self-discipline 
early. They learn how to get along with 
all types of people, thus developing per- 
sonality traits and tact which are vital to 
future leadership. 


Mental attitudes they gain as “team” 
members make them adaptable to a vari- 
ety of conditions. Their maturity is 
speeded. 

Company morale is improved by regu- 
lar input of new blood into the organiza- 
tion and the co-op student who will re- 
main with the company after graduation 
gets a feeling early that he “belongs.” 

The student, during his practical train- 
ing semesters, can “size up” his employer 
If he likes what he 
sees, he can take his proper place imme- 
diately upon graduation. Conversely, the 
company benefits in that it has had more 
than fair sampling of the man’s worth by 
watching his conduct and performance 
during the training sessions. 


before graduation. 


Certainly a point not to be overlooked 
is the fact that the student earns enough 
money during his on-the-job sessions to 
defray certain costs of formal education. 


A final point I would like to make on 
the means we can use to overcome the 
shortage of engineers is that we should 
all approach high school teachers and 
guidance counsellors with an urgent plea 
that they make every effort to urge quali- 
fied high school graduates to pursue en- 
gineering degrees. 
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Government as a Pace-Setter 

I have discussed national needs for en- 
gineers, including the needs of Govern- 
ment, industry, schools, and institutions. 
I have suggested some ways in which we 
might make progress in meeting those 
needs. Now I wish to explore with you 
some of the reasons why Government 
must assume greater responsibility as a 
pace-setter in the education and utiliza 
tion of engineers. 

In the first place, Government is Amer 
ica’s largest employer of engineers. Gov- 
ernment employs 61,000 engineers and 
20,000 physical scientists today as com- 
pared to 19,000 engineers and 3,000 
physical scientists in 1938. 

Government projects requiring engi 
neers span the entire range of technical 
occupations, from space science to mech- 
anized farming, from nuclear weapons 
development to forest land improvement, 
from rapid communications to law en 
forcement, from pulse-beat telemetry to 
food preservation. A number of engi- 
neering occupations in Government do 
not have a counterpart in other employ- 
ment. 

Government at present is spending ten 
billion dollars a year on research and de 
velopment—more than eleven per cent of 
the total national. budget and more than 
twice the combined investment of indus 
try, educational institutions, the founda- 
tions, and non-profit organizations. De 
spite the fact that 80 per cent of this R & 
D money is “contracted out,” while 20 
per cent is spent in Federal laboratories, 
Government engineers monitor the prog- 
ress of all programs. 

The volume of money, manpower and 
facilities the Government devotes to tech- 
nological progress has an economic basis. 
In simplest words, only the Government 
can afford the tremendous cost—such ex- 
penditure is in the public interest. 

Government has not competed for its 
position of primacy; it has responded to 
a need. As all of you who represent in- 
dustry know, the fruits of Government 
research are turned over to private indus- 
try when there is no security involved 
and Government's financier, the Ameri- 
can taxpayer, reaps the harvest in the 


form of an expanded economy. I could 
recite an infinite number of consumer 
items in use today which had their origin 
in a Government laboratory or on a Goy 

ernment workbench. 

But to get down to some specific re 
sponsibilities that go hand in glove with 
technological leadership, there are some 
areas in which Government must set the 
pace. 

Government must appreciate more 
fully than any other employer in ow 
economy that engineers are a scarce Com 
modity, and the higher the qualifications 
of the individual engineer, the greater his 
value. We must so utilize our engineers 
that the nation reaps the maximum return 
from their Federal employment. I can 
assure you that one of the classic miscon 
ceptions regarding Government employ 
ment of engineers is no longe present 
the misconception that in order to earn a 
promotion, the incumbent of a job must 
surround himself with more and more 
subordinates. If one engineer can do the 
job, by exerting great effort, we realize 
we must use one and only one engimeet 
in that job. We promote an engineer o1 
the basis of his worth. He gets a fatte) 


paycheck when he advances to greate 
responsibility. It is possible for an engi 
neer to reach the top rungs of the careei 
ladder without any subordinates 

Conversely, if a team of engineers 
would better accomplish a given mission, 
we are alert to the fact and so employ by 
team concept. Development of the atomic 
bomb is a good example of the team ap 
proach. The Polaris missile is anothe: 
Medical research is still another. 

We are holding administrative duties 
to a minimum so far as our Federal engi 
neers are concerned. Certain administra 
tive duties are necessary, we realize, but 
there is a saturation point. One of the 
most significant steps has been the as 
signment of as many duties as possible to 
a technician in an effort to free the pro 
fessional engineer for more significant re 
sponsibilities. 

Among our most serious problems to 
date has been the Government’s pay 
structure for engineers and_ scientists. 
Too often the Government laboratory has 
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served as an apprenticeship area for the 
Federal engineer who has left the Gov- 
ernment to accept a more lucrative salary 
in private employment. We have at- 
tempted to improve the Federal competi- 
tive position within the limitations im- 
posed by law. We have given top-of-the- 
grade and intermediate-step salaries to be- 
ginning engineers as well as more sea- 
soned engineers, but we are looking for- 
ward to the salary reforms requested by 
the President in his recent messages. This 
reform would lead to the establishment of 
Federal pay rates on the principle of rea 
sonable comparability with private em- 
ployers. 

Another problem has been the prestige 
of Government engineers and scientists. 
Despite their extremely noteworthy ac- 
complishments, Federal engineers and 
scientists have been called “clerks” and 
“bureaucrats” by an uninformed public. 

[he records reveal their remarkable 
contributions to progress. When a na- 
tional magazine asked the research and 
development heads of major U. S. cor- 
porations to identify science’s top ten 
conquests of the Fifties, they listed seven 
to which Federal scientists and engineers 
had made major contributions—the pene 
tration of space, hydrogen fusion, power 
from nuclear fission, solid state electron 
ics, electronic computers, economical 
conversion of salt water to fresh water, 
and commercial jet aviation. In forecast 
ing what the Sixties would bring, the 
same experts identified five areas in which 
Federal career researchers are centrally 
involved—manned space flight, fusion 
power, thermo-electricity, cancer cure 01 


control, and the synthesis of life 


Major Items of Unfinished Business 


I have repeatedly stressed the need for 
quality in engineers. I certainly have 
not done so in an attempt to identify 
lack of quality among contemporary en- 
gineering graduates. But the need for 
quality points to a very apparent need 
tor more postgraduate training of engi- 
neers. There is an imbalance between 
the number of scientists who go on to at 
tain advanced degrees and the number of 
engineers who do so. Further, the trend 
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appears to reflect the fact that of those 
engineers who do go on to earn doctor- 
ates, a majority of them pursue teaching 
careers as opposed to public service or in- 
dustrial employment. 

It is interesting to note that of the three 
instances in which the Government has 
paid the maximum $25,000 incentive 
award, the principal or principals in each 
case have been scientists and engineers 
who held doctorates. 

First there was Dr. John B. McLean, 
who conceived, designed, and developed 
the Sidewinder missile. Dr. McLean had 
certain advantages inherent in his ad- 
vanced work. His graduate study gave 
him a broader grasp of the many disci- 
plines involved in the development of a 
new type of missile—the design aspects, 
the propulsion element, the guidance 
package. 

Case number two concerns the maxi- 
mum award given the Army civil serv- 
ice team who developed microminiatur- 
ized components for space vehicles. In 
that instance, there were so many inter- 
disciplinary relationships of the various 
sciences that the team members’ ad- 
vanced studies were practically a neces- 
sity 

In the third case the Army civil serv- 
ants who developed the Davy Crockett 
miniature nuclear weapon (making. it 
possible to put a nuclear weapon in the 
hands of an infantryman) were honored. 
They too dealt with interrelated sciences, 
a knowledge of which could hardly be 
expected without the further study and 
research. 

Another purpose that would be served 
in producing more postgraduate engi- 
neers is improved communications. The 
pace of our times is such that whatever 
we do must be done in a hurry. In re- 
search and development, the group con- 
cept is almost standard procedure. Fre- 
quently the project is so “way out” that 
the engineer on the team is expected to 
reduce to practice—to start building a pro- 
totype—before all the scientific knowledge 
is amassed. The engineer with graduate 
experience would be eminently more 
qualified to communicate with the scien- 
tists if he could better grasp the under- 
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lying sciences and the ultimate goal be- 
fore he attempted to build the product. 

The need for postgraduate engineers 
is apparent. How can we inspire more 
engineers to reach the advanced level? 

Since the Training Act was passed in 
1958, the Government has been able to 
assist employees with postgraduate edu- 
cation. In Washington alone, we have 
185 separate courses being conducted on 
an inter-agency basis during this semes 
ter. The student might attend classes by 
day or he might enroll in a night class. 
Our program is based on sending the man 
to a course he needs for a specific job, 
not to steer him to a specific degree for 
the degree’s sake alone. Many of our 
people pay the difference and in fact do 
go on to get their doctorates. 

[ am sure similar practices are em- 
ployed in industry, and it has long been a 
practice for colleges to grant fellowships 
and internships for their people to get 
doctorates. 

I would like to propose an extension of 
the cooperative plan with a view to pro- 
ducing more engineering doctorates. In 
my opinion, it would be to the nation’s 
advantage, the student’s advantage, and 
the employer’s advantage. It would ap- 
pear to me that this group would be the 
ideal sponsor for such a movement. This 
concept would have some built-in prob- 
lems, | am sure, but it should be possible 
through cooperative action to overcome 
these difficulties. 

A second area I feel we should con- 
sider as unfinished business is education 
itself. We must not become so obsessed 
with the need for engineers and scientists 
that we, like the Russians, de-emphasize 
the complementary value of liberal arts 
studies. Earlier I used the word “fright- 
ening’ in relating the findings on Russia’s 
views on education. It is also frightening 
to me that in our effort to compete with 
Russia we might adopt the same dangei 
ous course. The best technical education 
must be enriched by the humanities and 
social sciences. Philosophical and ethical 
values are essential assets in the well-pre- 
pared engineer. 

While teaching values, we must teach 
attitudes. I have heard the statement 


made that a good engineering school fac- 
ulty is one which teaches as much atti- 
tude as it teaches engineering. There is 
a distinct overlapping of the meanings 
of words I have been using—moral values, 
ethical values, attitudes. 
need might be for technical excellence 
we must inject a proper balance of phi- 
losophy, ethics and respect for mankind 
in our curriculum for engineers. 


Crying as the 


Another item of unfinished business is 
the selection of e1 gineering students 
What standards are we using? Are we 
to revere the intelligence tests or will we 
give credence to other considerations? | 
submit that while intelligence is obviously 
not to be ignored, our entry requirements 
for engineering students must include 
other factors. I feel we should be search 
ing for persons who have creativity in 
conceiving new ideas, ingenuity in de 
vising new techniques, vigor in pursuing 
new ideas, motivation in following 
through to completion, and dedication to 
a cause. 

We as employers must encourage bold 
ness of thought, not require conformity 
to standard operating procedure. We 
must reward creativity, not merely by 
financial reward but by public recogni 
tion. We must cultivate ingenuity and 
encourage our employees to share their 
creative ideas and their accomplishments 
through publication. We must create 
work environments which are conducive 
to growth of the individual. 

Our viewpoint toward equality of op 
portunity justifies serious thought. To 
what extent are employers seeking and 
employing talent from the ranks of the 
minorities in the labor market? What 
about opportunities for able Negroes? 
What about the openings for training o1 
service for women? Clearly, all of us can 
serve our own self-interest and increase 
the supply of engineers through exten 
sion of equal opportunity for education 
and jobs. It is both fair and wise to use 
engineering talent from whatever source 
we can get it 

We must shed some of our parochial 
views which are predicated on our indi 
vidual needs for engineers. We must stop 
competing for available talent and do 
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more about getting enough graduate en- standing, we must earmark enough re- 
gineers to satisfy all our needs. We must sources for the training of engineers to 
keep our nation’s needs in the forefront guarantee consistent input. To neglect 
and our individual needs subordinated this planning may well restrict our future 
We must never grow complacent. We growth, curb our leadership potential, 
must join forces and accept responsibility and handicap our competitive world po- 
for educating and properly utilizing the sition. 
engineers we need. May we cooperate with renewed vigor 
Finally we must project our future in the planning and promotion of this 
needs for engineers and take proper ac- quest for quality. National needs de- 
tion now to insure continuity of input. mand prompt action to develop this vital 
Business booms and recessions, and large national resource in greater numbers and 
ind small manpower budgets notwith to higher standards of performance. 


WORKSHOP ON MODERN MATHEMATICS IN 
ELECTRICAL ENGINEERING 


A two-day workshop on modern mathematics in electrical engineering is being 
planned by the Electrical Engineering Division for June 21-22, Thursday afternoon 
and Friday of the Annual Meeting at the Air Force Academy. In addition to presenting 
some of the new mathematical ideas, the workshop was charged by the EE Division 
Executive Committee with: 


1. Describing what is going on in the present day mathematical thinking. 


2. Relating present day mathematics to classical mathematics and establishing 


a language bridge 


3. Illustrating how this new mathematics is used in practical engineering prob- 
lems. 


1. Giving specific ideas as to how the workshop participants can learn new mathe 
matics. 


fo accomplish this the committee has tentatively scheduled the following papers: 
keynote speech, postulational approach (including abstract algebra, set theory, and 
topology), secondary and lower division program, discrete mathematics and optimiza- 
tion, numerical analysis (as affected by computing), probability and statistics (includ 
ing measure theory ), linear space theory and functional analysis (including distribution 
theory and applications to differential equations, etc.), and a round table on the future 
of engineering mathematics. Invitations have gone to several prominent mathemati- 
cians to present the various topics 
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Added Attractions for the 1962 Annual Meeting 
Air Force Academy, Colorado 


Many of you have been planning your 
visit to the next annual meeting as a 
combined business and pleasure trip. 
For those of you who plan to arrive 
early and tour the scenic attractions of 
the region before the start of the meet 
ing, the welcome mat is out in the form of 
guided tours leaving the Academy on 
Sunday, June 17th. The Sunday tours, a 
new innovation in ASEE programs, are 
planned for three of the major attrac- 
tions in the region: Cripple Creek, Royal 
Gorge, and Pikes Peak. Of course, you 
may want to plan your own tours; how- 
ever, the facilities at Cripple Creek and 
the capacity of the Pikes Peak cog rail- 
way are limited and persons on guided 
tours will be given first consideration. 
You will have an opportunity to pre-reg 
ister for these tours when you send _ in 
vour registration for the meeting; regis 
tration forms should reach you some time 
in April, as they have in the past. 


Cripple Creek 


“The World’s Greatest Gold Camp” 
and site of a once fabulous mining town 
of 60,000 has now dwindled to 800 peo 
ple living amid the quiet and nostalgia 
of bygone prosperity. Its history can be 
read in the buildings which still stand 
and those which have crumbled; in the 
deserted mines, rusted machinery, and 
abandoned roadbeds of the railroads that 
once served the area. But history has 
been brought back to life in the original 
Imperial Hotel built in 1896, the most 
Bought and 
refurbished by its present owners in 
1946. it offers food, lodging. and melo 


elegant hostelry of its dav. 


drama in the Gold Bar Room Theater to 
thousands ot visitors eae h Summel Ex 
cellent food and drink are served in the 
same settings that greeted the patrons of 
60 years ago. 

Cripple Creek, 45 miles trom Colorado 
Springs, is easily reached via highways 
24 and 67 or via the old Gold Camp 
Road, a rugged and rustic drive which 
was once the roadbed for the abandoned 
Short Line, the last of three railroads to 
have reached the gold strike region 


A guided tour has been planned for 
200 people to depart from the Academy 
at 9:30 a.m. on Sunday, June 17th, and 
return at 5:30 p.m. The cost of the tow 
$6.50, will include transportation, buffet 





The official name for this proud-looking fal- 
con is Mach I, the title given all falcon mas 
cots at the Air Force Academy. Named by 
cadets of the Class of 1959 to be the official 
mascot of the Academy, the 
trained by cadet handlers to give free-flight 
demonstrations at football games and other 
public events | 


falcons cle 


This particular bird, named 
Aecthol, is a white Gyr-falcon native to the 
Arctic icecap and presented to the Academy 
as a gift 
hunting ability and for that reason was a fa 
vorite with medieval European royalty 


Air Force Photo 


This species is renowned for its 
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Royal Gorge, Colorado, goal of one of the “early-bird” tours planned by the Air Force Acad- 
emy for Sunday, June 17, preceding the . 1962 annual meeting at the Academy 
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lunch, and admission to the melodrama, 
which features authentic productions of 
the 1850-1900 period. Close identifica- 
tion of the audience with the cast is 
audibly demonstrated by vigorous cheers 
for the hero and lusty hisses for the vil 
lain. The tour will provide a short but 
delightful return to the past—a day when 
gold was king. 


Pikes Peak 


One of the best known mountains in 
the country, Pikes Peak, dominates the 
Colorado Springs area from its elevation 
of 14,110 feet. People have been at- 
tracted to its heights since it was first 
made known to the civilized world by 
Lt. Zebulon Pike in 1806. Now, foot and 
horse trails, a cog railway, and an auto 
toll road carry a stream of visitors to its 
top throughout the year. The toll road, 
completed in 1915, is a 20-mile climb on 
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good highway but sometimes a bit rough 
on the nerves of the “flatlanders.” The 
toll is $1.00 for adults and $.25 for chil 
dren; the round trip to the summit from 
Colorado Springs takes about four hours. 

A tour for 100 people will leave the 
Academy at 12:30 p.m. on Sunday, June 
17th, and return at 5:30 p.m. Half of 
the group will ascend by cog railway and 
descend by the limousine that will take 
you to and from the Academy. The other 
half of the group will reverse the pro 
cedure, ascending by limousine and de 
scending by cog railway. 

Regardless of how you get to the top, 
the view is the same—breathtaking and 
unforgettable. The plains of Kansas, the 
Sangre de Cristo Peaks of New Mexico 
and many of the peaks which make Colo 
rado the “Roof of the Continent” can be 
seen on a clear day. The cost of the tour, 
$5.50, includes all transportation 





The 17 sweeping spires of the Academy Chapel soar to 150 feet above the terrazzo 
level of the surrounding cadet area and provide a dramatic contrast with the long hori 
zontal lines of adjacent buildings. The roof and spires are constructed with 100 steel tetra- 
hedrons covered with aluminum and divided by narrow panels of stained glass 

The tri-faith Chapel will provide three separate chapels for Protestant, Catholic, and 
Jewish faiths within one structure. The Protestant nave, located above the terrazzo level, will 
seat 900; the Catholic and Jewish sections are located on the terrazzo level and will accom 
modate 500 and 100 worshippers, respectively. 

A former Cadet Chaplain has explained the indispensable role of religion in a military 
academy in these words: “Religion . . . gives meaning to the challenges of sacrifice in the 
name of duty and honor by relating them to the unchanging values inherent in man’s rela 
tionship with and responsibility to his Creator.” 
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The Academy planetarium is the largest operated by the Air Force and also ranks with 
major civilian planetariums, both in size and quality of its presentations. It is used to instruct 
cadets in astronomy, star identification, celestial coordinate systems, and elements of celestial 


navigation. 


The planetarium, with a seating capacity of 300, regularly presents shows open to the 


public; a special show will be presented to the 


the 1962 Annual Meeting 


Royal Gorge 


The Royal Gorge, carved by the Arkan 
sas River through the red rocks of Colo- 
rado, is the site of the world’s highest 
suspension bridge, which spans the river 
1,053 feet below. Located near Canon 
City, about 1% hours’ drive from Colo 
rado Springs, Royal Gorge presents a 
spectacular view from top and bottom 
A walkway across the bridge allows you 
an unhurried look at the near-vertical 
canyon walls and_ river below; the 
“world’s steepest railway,” a 1550-foot de 
scent down a 45° incline, will take you to 
the bottom where the paths of the Arkan 
sas River and the Rio Grande railroad 
are combined in the narrow corridor of 
the canyon walls 

Royal Gorge is an easy drive from the 
Academy; a leisurely round trip can be 
made in about 6 hours. Entrance fee is 
$1.00 for adults and $.50 for children 


ASEE members and their families who attend 


under 12; children under 7 are admitted 
free. A combined entrance fee and in- 
clined railway fare is available at $2.00 
for adults and $1.00 for children. 


A tour for 80 adults and 20 children 
will leave the Academy at 9:00 a.m. on 
Sunday, June 17th, and return at 3:00 
p.m. The total charge of $7.75 for adults 
and $6.75 for children includes transpor- 
tation, entrance and incline fees, and a 
box lunch. 


We hope that many of you will take 
advantage of these early-bird tours 
which we trust will be a welcome inno- 
vation in ASEE programs. Several sim 
ilar tours will be conducted during the 
week of the meeting and will be de 
scribed in the Preliminary Program 
Whenever you plan to come, be sure to 
take advantage of the opportunity to see 
some of the most thrilling scenery in the 


entire country. 








The EJC Engineering Information Symposium: 
A Review 


THOMAS L. MINDER 


Engineering Librarian, 
The Pennsylvania State University, 
University Park, Pennsylvania 


For many years we have been hear- 
ing about the explosion. 
Companies spend tens of thousands of 
dollars annually to get information into 


information 


the hands of scientists and engineers 
[he National Science Foundation has 
spent millions of dollars under a Con- 


gessional directive to make the informa 
gathering and dissemination pro 
cedures more efficient. Yet a recent Con 
gressional report stated that 200 million 


tion 


dollars have been spent by the Govern 
ment in duplicating electronic research 
of a lack of information ex- 
change. On January 17, 1962, the engi 
neering its first 
ordinated bid to work on the problem 
This was the Engineering Information 
Symposium held in New York by the 
Engineers Joint Council. 


because 


profession made co 


The program began with a series of 
speeches defining the problem and brief- 
ing participants on the state of the art 
This was followed by an announcement 
of an EJC program to contribute toward 
a solution of the problem. The proposed 
program the culmination of 
months of study by two committees—the 
Computation and Information Processing 
Systems Committee and the Information 
Services Committee. 


was nine 


In essence, the program calls for the 
compilation of an all-engineering the 
This list of engineering terms 
can be used by all indexers, abstractors 
machine input men. Ideally this 
would be a well-defined set of symbols 
for information storage just as numbers 
in the well-defined language cf compu- 


Saurus. 


and 
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tation. It is hoped that this thesaurus 
will result in interchangeability between 
storage and retrieval systems. 

EIC 


implementation program. It is setting up 


also followed through with an 


editorial 
The 


text of the program and _ proposals is 


training tor 


staffs in the use of 


a free program 


the thesaurus 


reprinted at the end of this article 


The Significance of the Program 

The information explosion began afte: 
World Wat 
and captured research documents was 
the The 


search as an indispensable element 


Il. The release of classified 


detonation. recognition of re 


business and military planning was the 


main charge. Although engineers were 
the main originators and users of this 
information, they have not recognized 
information as an engineering problem 


The possible exceptions were the SVS 


tems engineers and a few digital com 
puter engineers. 

The planned EJC program is the first 
large-scale effort on the part ot the en 
gineering protessions in the area of in 
The et 


serve 


formation storage and retrieval 
tect of to 
tice to all concerned that the engineer 


this symposium is no 
ing profession is ready to combine its 
efforts toward a solution to the problem 
The symposium and the thesaurus pro 
gram 
accepting the leadership to find the in 
formation This 


been the intent of the committees, but 


are an announcement that EJC is 


solution may not have 


this is most surely going to be the re 
sult. The whole information program to 
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date has lacked coordination, leadership 
and imagination. EJC is the logical focal 
point of a problem that crosses over all 
the engineering fields. With a member- 
ship of 300,000, EJC should have no 
trouble finding men with imagination. 

Although this thesaurus has some se 
rious limitations, the decision to develop 
the publication is consistent with good 
engineering. If we are ever to achieve 
automation in the information field, we 
must have standardization. A thesaurus 
of common symbols is a step toward 
that standardization. 

Finally it is encouraging to see EJ¢ 
step cautiously. The speakers made it 
apparent that all the schemes in opera 
tion are far from the final solution. They 
are all pragmatic systems to get a certain 
quantity of information to certain peo 
ple as quickly as possible with the tools 
at hand. It is gratifving to see that EJC 
did not compound the problem by pro 
posing its own scheme 


Criticism of the Program 


Although the thesaurus is very im 
portant, it is not without weaknesses. On 
the basis of the information supplied at 
the symposium, one must question the 
foundations on which the program rests 
No announcement was made of a plan 
to keep the thesaurus up to date. No 
matter how much we would like to have 
a permanent, well-defined set of sym 
bols, its realization is extremely remote 
Engineering and language are both or 
ganic beings subject to growth, deterio 
ration and mutation. If no revisions are 
made, the fate of the thesaurus will be 
the same as the many classifications of 
knowledge. Its usefulness will be in 
versely proportional to time. 

This writer also questions the plan of 
voluntary participation by editors. The 
American Standards Association has is 
sued standards of publication. Accept 
ance has been far from universal. The 
failure of editors to establish common 
standards for submitted manuscripts is 
another indication of this independence. 
If abstracting and __ listing 
terms is to add to publication costs, we 


thesaurus 


can expect the plan to be subjected to 
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very close scrutiny. If history is any cri- 
terion, the editors’ participation part of 
the program should be something more 
than voluntary if it is to succeed. 

It was disturbing to see a symposium 
such as this without representatives 
from the Library of Congress, the Amer- 
ican Standards Association and the Na- 
tional Science Foundation. The Library 
of Congress has been publishing a the- 
saurus for over 50 years, yet its Subject 
List wasn't even recognized. Representa- 
tives from the Library were even miss- 
ing from the list of guests. The whole 
thesaurus program is a form of stand- 
ardization. Is a thesaurus so alien to the 
work of ASA that they should not be 
consulted? The National Science Foun- 
dation has been one of the prime movers 
in information research for years. It 
seems regrettable that we did not hear 
a statement of the state of the art from 
them. Perhaps 
simple oversights or perhaps the thesau- 
rus program is not as simple as the com- 


these omissions were 


mittee would seem to believe. 


It is regrettable that the program 
must begin with these weaknesses; how- 
ever, errors with the thesaurus can be 
corrected rather easily. A far more seri- 
ous matter is the failure of EJC to con- 
sider fundamental problems in informa- 
tion storage and retrieval. Throughout 
the symposium the information problem 
was approached as a thorn in the side 
of engineering. The intent was to pluck 
it out as soon as possible so that engi- 
neering could return to its own business 
in peace. Yet information storage and 
retrieval are in themselves an engineer- 
ing problem. The elements of informa- 
tion form a countable subset of knowl- 
edge and exist in an n_ dimensional 
space. These elements must be ordered, 
stored and retrieved efficiently. This in- 
volves problems of optimum system size 
as well as information transmission. 
These are engineering problems. As a 
specific example there appears to be a 
very close similarity between informa- 
tion storage and water storage as dis- 
cussed by P. A. P. Moran in The Theory 
of Storage. The similarity is so close that 
one might even look for the Civil En- 
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gineer to become information engineers. 
Information has many mathematical 
properties. Its storage and retrieval in- 
volves many engineering principles. Why 
then should not information storage and 
retrieval be studied by mathematicians 
and engineers? The Council had a 
chance to take one more step and call 
for research on the information problem 
as an engineering problem, yet it failed 
to do so. 

Finally, the Council announced the 
thesaurus program as a final program. 
It did not call for further study from 
members. It set the stage for a solid 
long-range coordinated effort, then failed 
to make the appeal to follow through 


ASEE and the EJC Program 


What are the implications of the pro 
gram for ASEE? As a member of EJC 
we can expect to cooperate and comply 
with the thesaurus. The use of thesaurus 
terms to describe articles in the JouURNAL 
OF ENGINEERING EpucaTION would 
probably fulfill minimal expectations. 

Actually, ASEE can and should make 
a far more important contribution to the 
program. The nature of our membership 
should make ASEE ideally suited to as- 
sist in the compilation of the thesaurus 
It is the one organization that can call 
upon scholars in all fields of engineer- 
ing. Because of their university activities 
many of the members have wide inter- 
ests and are not subject to the parochial 
ism that sometimes plagues the special- 
ists in industry. A permanent ASEE com 
mittee might also keep it up to date 

Far more important than assisting 
with the thesaurus should be the So 
ciety’s willingness to study the founda 
tions of information. Industry and the 
government cannot be expected to do 
this. Theirs is a practical service prob- 
lem of getting information to the engi- 
neer. In the university no such restric- 
tion exists. In fact, fundamental studies 
are in keeping with the traditions of the 
university. A search through the litera- 
ture and NSF grants reveals practically 
no university interest in the information 
problem except in the area of machine 
language translation. ASEE leadership 


in this area could do much to develop 
an interest. 

Perhaps the most important direction 
of ASEE effort lies in the education of 
future engineers. As the need for pub 
lished information has become an im 
portant part of engineering practice, the 
need for engineers trained to use this in 
formation has grown. This need has re 
sulted in the many divergent information 
storage and retrieval schemes in opera 
tion today. Yet are the engineers trained 
to use or even recognize these tools? 
Most schools limit information searching 
to the mastery of required textbooks 
Very few curricula expose the student 
to indexes, abstracts, report literature 
standards, product directories, and pat 
ents. Yet these should be indispensable 
working tools ot the prac ticing enginee! 
[ wonder how much of the 200 million 
dollars wasted on duplication of elec 
tronic research could have been saved if 
engineers had spent a few minutes with 
Electrical Engineering Abstracts? Many 
electronic engineers have neve! even 
heard of this publication. It seems rather 
paradoxical that the engineering profes 
sion should demand better information 
searching services, vet fail to teach its 
members about the fundamental search 
Ing tools. 


Among, the purposes of the ASEE are 
“the adjustment of curricula and educa 
tional processes to changing conditions,’ 
and, “the improvement of instructional 
materials and methods.” The steady 
growth of the information problem since 
World War Il culminating in the En 
gineering Information Symposium should 
serve as an indication of change to the 
engineering educators. A fundamental 
change in engineering practice is taking 
place. Are the present teac hing facilities 
and methods (not necessarily courses 


adequate to meet this change? 


Conclusion 


The Engineers Joint Council informa 
tion program is not just another project 
despite its limitations and weaknesses 
It signals the beginning of a program 
that will eventually affect the whole pro 
engineers can 


fession. If it succeeds 





if 
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look forward to a tool as powerful as the 
invention of the Arabic numbers. If it 
fails, engineers can expect a future of 
diminishing returns in engineering ad- 
vancement. 

The American Society for Engineering 
Education has a particularly important 
responsibility in this program, since it 
is equipped to fill two serious gaps- 
the development of fundamental infor 
mation theories and the education of 
engineers in the use of information as 
a working tool. The Society might very 
well build the much needed foundation 
on which the future of the entire in- 
formation storage and _ retrieval field 


rests. 


Proposed Training Program for 
Source Indexing 


he Engineers Joint Council offers train- 
ing, without charge, to the editorial staffs 
of any technical publication in abstracting 
and indexing technical articles for publica 
tion. The training program can be started 
by February 19, 1962. The exact date will 
be determined by responses to this offer 


The training is directed toward the tech- 
nical editors of publishing organizations 
Any number can be accommodated but at 
least two should be sent from each publi- 
cation to provide adequate internal cover- 
age 

The program will consist of two days of 
classroom instruction on concept coordina- 
tion indexing using links and role indicators, 
and preparation of indicative abstracts. This 
will be followed by seven or eight days of 
actual work sessions with each participant 
using material from his own publications 
Those attending will be fully equipped to 
do the indexing and abstracting for publi- 
cation at the end of the program 


The training will be by a selected volun 
teer group competent in this field. Instruc- 
tors are now all engaged in this type of in 
dexing and abstracting. The number of in- 
structors will depend on the size of the 
response. All instruction will be at the 
United Engineering Center. All material 
will be furnished by EJC 

Engineering societies and publishing firms 
wishing to participate in the training pro- 
gram should provide EJC with the names 
of persons who will attend the training ses- 
sions. Names of participants should be sent 
to L. K. Wheelock, Engineers Joint Council, 
345 E. 47th Street, New York 17, N. Y. A 
deadline for the submittal of the names 
will be forwarded to all societies attending 
the January 17 Symposium 
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Five Fundamentals of the EJC 
Action Plan 

1. Objective 
The objective is to improve the ef- 
ficiency with which practicing engi- 
neers, engineering students, and people 
in associated professions can recapture 
the technical literature pertinent to 
their current work. A corollary objec- 
tive is to recover only the published 
information that is pertinent. 

Il. Language 
The use of natural languages is a fun- 
damental method of communication be- 
tween technical people. The EJC plan 
should be based upon use of natural 
languages such as English. 

Ill. Word Meanings 
Different people use different words to 
mean the same thing. The EJC plan 
must work toward procedures which in 
no way restrict the choice of words by 
authors but which also insure that 
others can find the authors’ publications 
even though they use different words 

IV. System Compatibility 
The procedures adopted by the EJC 
plan must be as useful to the individual 
engineer with a card file in his desk 
as they are useful to a large, computer- 
based storage and retrieval system. 

V. Cost 
The cost of abstracting and indexing 
at the time of publication is a tiny frac- 
tion of the cost of indexing by everyone 
who stores information. The cost of 
creating a comprehensive Thesaurus of 
Engineering Terminology will be rela- 
tively small because of the work al- 
ready done on the Chemical Engineer- 
ing Thesaurus and the steps already 
taken to insure compatibility with the 
new A.S.T.1LA. Thesaurus. 


Proposed Plan for Preparing a 
Thesaurus of Engineering 
Terminology 


A Thesaurus of Engineering Terminology 
is required for assistance in the effective 
storage and retrieval of technical informa- 
tion. The Engineers Joint Council proposes 
to undertake the preparation and publica- 
tion of this thesaurus with participation by 
the many societies and companies interested 
in technical information. 

Work can begin immediately upon obtain- 
ing the necessary authorizations. EJC would 
create a small, paid professional staff to do 
much of the technical work. The A.I.Ch.E 
and A.S.T.IL.A. thesauri will be used as a 
foundation on which to build. Each society 
will be asked to submit a list of their en- 
gineering words not included in these two 
books. The list would be compiled from the 
indexing of journals, from the last annual 
index of each society's journals, and from 
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lists contributed by industrial firms at the 
urging of each engineering society. 

An editorial board wouid be set up under 
EJC chairmanship to screen and edit the 
assembled lists to insure that every import- 
ant word in the engineering vocabulary is 
properly entered with its various meanings. 
It is estimated that the job can be com- 
pleted in nine to twelve months at a cost 
to EJC on the order of $40,000 for salaries 
and publication expense. This is in addition 
to the volunteer efforts of those assigned to 


work with the paid staff. 

Depending upon the opinions expressed 
at the January 17 Symposium, EJC will 
establish the timing and method for obtain- 
ing adequate funds and _ staff to do the 
work. In anticipation of starting the The- 
saurus project, each member society of EJC 
and all other societies wishing to participate 
will be requested to designate an individual 
through whom contacts can be developed 
for obtaining word lists and competent per- 
sons to serve on the editing committees 








STEVENS TO STUDY AND DESIGN UNSPECIALIZED 
ENGINEERING PROGRAM 


A $31,000 grant to initiate the study and design of a new type of unspecialized 
undergraduate engineering program that emphasizes the unity of all branches of 
science and technology has been awarded to Stevens Institute of Technology by the 
Victoria Foundation, Morristown, N. J. 

The program will cut across traditional fields of engineering and science tor 
group their basic principles into “general concept” areas. For example, it is expected 
that certain areas of chemical engineering, mechanical engineering, physics and met 
allurgy might be brought together in a single course which would emphasize thei: 
basic common mathematical relationships. 

The new program will attempt to cope with the overwhelming increase in scien 
It will take 
advantage of the inherent unity of all branches of engineering and science to stress 


tific and engineering knowledge which doubles roughly every 15 years 


principles around which this vast body of knowledge can be systematized 

Commenting on the grant, Percy Chubb II, President of the Victoria Foundation 
said, “The Foundation recognizes that Stevens’ traditional approach to the teaching 
of engineering gives them unique qualifications to conduct this type of study.” The 
Victoria Foundation was founded in 1924 by the late Hendon Chubb of West Orang: 
N. J. 

A four-man faculty committee to be appointed by Stevens President Jess H. Davis 
will undertake the study. The men will be freed from most of their teaching duties 
to consult with colleagues in other colleges, industry and professional engineering and 
educational organizations. 

Once the study is completed, Stevens hopes the results will enable it to effect 
major changes in its own engineering program and that the program will serve as a 
model for other American engineering colleges. 

In a report to the Victoria Foundation, President Davis wrote, “Signs are multi 
plying, not only in America but throughout the world, that technology could eventually 
find itself suffocated by its own achievements. Indeed society itself will be threatened 
by grave dangers if more effective ways are not found to close the gaps that are rapidly 
developing between science and technology and between both and the world at large.” 

He added that the new program will attempt to develop each undergraduate’s 
ability to generalize and to apply his generalizations to new engineering situations both 
in advanced courses and after graduation. “This would enable him to acquire a vei 
satility and breadth of understanding that could serve him well regardless of later ad 
vances of knowledge.” 

Stevens is undertaking the study because of its own non-specialized approach to 
engineering education. The new program would carry the New Jersey engineering 
science college’s philosophy to its logical conclusion. 
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Research on Teaching Machines and 


Programmed Learning 


ARNOLD ROE 


Department of Engineering 
University of California, 
Los Angeles, California 


Teaching machines have not as yet 
produced a major breakthrough on the 
educational front. Instead of a break 
through, we have been experiencing a 
breakdown, particularly of those con 
cepts which first motivated the wide 
spread interest in teaching machines 

Two vears ago, the formula for success 
in automated instruction appeared to be 
fairly clear, that is: 

l. Specify in detail the course objec 
tives in terms of the terminal pertorm 
ance vou wish to evoke from the student 

2. Arrange, in small steps, a sequence 
or program of teaching items which will 
guide or shape a student's behavior to 
wards the desired terminal performance 

3. Have the, student respond overtly 
to each item 

1. Provide immediate feedback as to 
the correctness of the student's response 
to each item. 

5. Since all teaching items and _ stu 
dent responses are explicitly stated and 
presumably recorded, it is possible to (a 
evaluate the effectiveness of the program 
of items by student performance, i.e 
many incorrect responses indicate a poor 
item or sequence of items, and (b) eval 
uate different teaching-learning variables 
in a controlled fashion. In other words, 


Paper Presented at the 1961 An- 
nual Meeting of the American So- 
ciety for Engineering Education, 
Lexington, Kentucky, June, 1961 


the formula indicated a convenient means 
for measuring, evaluating, and improving 
course content and the method of pre- 
senting course content. Furthermore, to 
those who were concerned with the stead, 
increase in student enrollments, pro 
grammed instruction offered the attrac- 
tion of being compatible both with the 
concepts of mass education and with the 
desire to accommodate individual stu 
dent differences. 

Today, the path to success 1s not so 
clear. More questions arise than are an- 
swered. Some of these questions and 
possible or partial answers indicated by 
experiments in the Department of Engi 
neering, University of California, Los An- 
geles, and experiments of others cur- 
rently engaged in programmed instruc- 
tion research, will be dealt with in this‘ 
pape 

1. Should student responses be in the 
form of a constructed answer or a selec- 
tion from a multiple choice? 


If one conducted an experiment which 
examined the multiple-choice versus the 
constructed answer as an isolated variable 
and which required constructed answers 
in the terminal performance, then a learn 
Ing program requiring constructed an 
swers would be better than one requiring 
multiple-choice answers. However, it 
would not be much better. In the usual 
learning situation where this variable co- 
exists with a host of others, it has been 
found that for college-level students there 
is no difference in criterion test scores of 
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FIGURE 1. 


Free Response Machine (FRM Learning 
items appear under transparent window at 
left of machine. Student responds on tape 
at right of machine, then turns knob which 
moves a transparent window over the stu- 
dent’s response and simultaneously uncovers 
the correct response (under black mask at 
center of machine ) 


students using multiple-choice programs 
and those using constructed-response pro- 
grams.!.2 However, students using mul 
tiple-choice programs take less time to 
complete the lesson than those using 
constructed responses. 

2. Should student responses be overt 
or covert? 

It appears that for college-level stu 
dents, thinking the answer is as good as 
thinking followed by the performance of 
a psychomotor task such as writing o1 
pushing a button.* 


*A. Roe, M. Massey, G. Weltman, and D 
Leeds, Automated Teaching Methods Using 
Linear Programs. Report No. 60-105. De- 
partment of Engineering, University of Cali- 
fornia, Los Angeles, December, 1960 

*J. E. Coulson and J. F. Silberman, Re- 
sults of an Initial Experiment in Automated 
Teaching. Report SP-73. System Develop- 
ment Corp., July, 1959. 

Roe, et al., Automated Teaching Meth- 


ods Using Linear Programs; R. E. Silverman 
and M. Alter. “Note on the Response in 
Teaching Machine Programs,” 
Reports. 


Psychological 
1960, Vol. 7, p. 496. 
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3. Should the student receive prompt- 
ing about the correct answer before he 
makes his response or should he get con- 
firmation of the correct response only 
after he makes his response? 


Theoretically, if only confirmation, o1 
teedback, is used, there is a possibility 
that when the student makes an incorrect 
response, the feedback would serve as a 
negative reinforcer.4. On the other hand, 
if prompting is introduced to minimize 
the probability of an incorrect response, 
then elaborate fading techniques must be 
used to wean the student away from de 
pendence on these prompts before he can 
reach the criterion test level where, pre 
sumably, he will not find any prompts. In 
experimental work at UCLA, we have 
used maximum prompting, i.e., the infor 
mation in each item is completely stated 
so that nothing remains for the student 
to compose or choose. Of course, the 
items no longer look like a programmed 
text, but rather like short paragraphs in 
a standard textbook. Interestingly enough 
the college-level students who used this 
technique scored just as high on tests as 
did those who used the usual question 
answer type of items. The no response 
no confirmation group completed the 
learning task in less time. 


1. Should the instruction be carefully 
sequenced so that the student is always 
presented with small increments of infor 
mation, all of which are based on preced 
ing information and which lead in an 


organized fashion to a specific goal? 


the answer to this 
Long 


For a long time 
question was an unqualified “yes.” 
after most of the other early concepts 
about automated instruction had become 
suspect, this concept alone remained in 
vulnerable. The carefully constructed se 


quence of items, the program, has been 


‘B. F. Skinne r, Science Vol. 128 (1958 
pp. 969-977; J. O. Cook, “Supplementary 
Report: Processes Underlying Learning a 
Single Paired-Associate Item,” Journal of 
Experimental Psychology, Vol. 56 (1958 
p. 455; A. L. Irion and L. J. Briggs, “Learn 
ing Task and Mode of Operation Variables 
in the Use of the Subject-Matter Trainer,” 
Technical Report, AFPTRC TR S7-8. Air 
Force Personnel and Training Research Cen- 
ter, Lackland AFB, Texas, October, 1957 
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considered the most important single fac- 
tor in automated instruction.” However, 
when students used a sequence of items 
which had been completely scrambled, 
they completed the learning session in 
the same time and scored as high on a 
post-test as students who used a logical 
sequence of the same items.® The scram 


R. E. Silverman, Automated Teaching 
A Review of Theory and Research. U. S. 
Naval Training Device Center Technical 
Report NAVTRADEVCEN 507-2, June, 
1960; J. W. Rigney and E. B. Fry, A Survey 
and Analysis of Current Teaching-Machine 
Programs and Programming. Technical Re- 
port 31. Electronics Personnel Research 
Group, Department of Psychology, Univer- 
stiy of Southern California, February, 1961: 
A. Roe and H. Moon, “Analysis of Course 
Content for Individual Learning,” Automated 
Teaching Bulletin, Vol. 1, No. 3 (Summer, 
1960). 

V. V. Roe, Scramoled vs. Ordered Se- 
quence in Auto-Instructional Programs. Re- 
port No. 61-48. Department of Engineering, 
University of California, Los Angeles, May, 
1961; E. I. Gavurin and V. M. Donahue, 
‘Logical Sequence and Random Sequence, 
Automated Teaching Bulletin, Vol. 2, No. 4 
Spring, 1961 





FIGURE 2. 


Multiple Choice Machine (MCM)._ Learn- 
ing items appear under the large transpar 
ent window. Student responds by depressing 
the small transparent windows covering the 
answer of his choice 


bled version makes the students more un- 
comfortable and anxious during learning, 
but this anxiety seems to keep their at- 
tention focused on the problems, whereas 
the logical sequence group finds the in- 
formation so clearly arranged for them 
that they do very little organizing on 
their own and therefore may fail to inte- 
grate the information into their own be- 
havioral repertoire. These particular re- 
sults with programmed instruction should 
not be completely unexpected. Experi 
ments conducted in engineering courses 
indicated that students who heard lec- 
tures which deliberately included in 
complete or incorrect information per- 
formed better on tests than students who 
heard polished lectures on the same sub 
ject." It seems that logical and humani- 
tarian considerations are not necessarily 
the best guides to what constitutes an 
effective teaching-learning procedure. 

5. Should a linear or a branching 
quence of items be used? 

A linear program which requires the 
student to go through every one of a fixed 
sequence of items is certainly the easiest 
to write. It has been observed that un- 
less the sequence is fixed at the slow stu- 
dent’s level, he will complain about not 
having enough information or practice 
opportunities. A program fixed at the 
slow student’s level annoys and eventu- 
ally bores the bright student because of 
the great number of small items he is 
forced to go through. It has been claimed 
that bright students can move at a faster 
pace through the linear program than 
dull students. This is simply not true.8 A 
certain amount of time is required just to 
read and respond to each item. Prior 
knowledge of the subject matter or apti- 
tude does not save much time. Some 


se- 


~ 


branching technique is certainly desira- 


"A. Roe and G. Paskusz, Instructorless 
Group Study vs. Standard Lecture. Depart- 
ment of Engineering, University of Califor- 
nia, Los Angeles, January, 1961; D. W. Bat- 
teau, Effect of “Good” vs. “Bad” Lectures 
on Student Performance. Unpublished study 
conducted at Bray Laboratory, Tufts Univer- 
sity, Medford, Mass. 

* Roe, et al., Automated Teaching Meth- 
ods Using Linear Programs; J. E. Coulson 
and H. F. Silberman, Results of an Initial 
Experiment in Automated Teaching 
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FIGURE 3 

Programmed Text Requiring an Overt Re- 
sponse (PTR Each paragraph between 
the heavy black lines is a completion typ« 
item, identical to those used in the Free R« 

sponse Mac hines. The student writes his re 

sponse to an item, then turns to the next pags 
which is an “answer” page, to verify the cor- 
The next item in 
the sequence of instruction is found on the 
page following the “ 


rectness of his response 


swe! : paxe 


ble, especially in the early stages of a 
program where an evaluation should be 
made of the prior knowledge and other 
abilities that a student brings to the 
learning situation. Also, in view of the 
uncertain effectiveness of any given set 
of programmed instructions, perhaps the 
least we can do for the students is to let 
them escape from the program as quickly 
as possible by providing a means for 
them to skip topic areas which they al 
ready know or can master in a few items 


It has been said that branching intro 
duces additional complexity to the pro 
gramming effort and to the devices 
needed for controlling the branching 
process. Many kinds of branching pro 
cedures have been suggested: backward 
branching to missed items, backward 
branching to review an entire sequence 
of items, backward branching to alter 
nate-form items, lateral branching to sup 


FIGURE 4 


Programmed Text Requiring No Overt Re 
Sponse PTNR The items are identic il { 
those in the PTR, except that complete state 
ments are made; no blank spaces for student 
completion are provided, and therefore no 
“answer pages are needed Phe tudent 
merely reads an item, turns the page to re 
the next item, and so on. Note that in bot 
PTR and PTNR the sequence of items is 
from page to page, rather than down th 
pace is im conventional texts 


plemental or prerequisite material, lat 
eral branching to supplemental practice 
items, bran hing down to a lower level of 
more detailed items for slow students 
branching up to a faster program for 

forward 
If each of 


these branching pathways as well as com 


bright students, and, finally 


branching by skipping items 


binations of them, were sketched dia 
grammatically, they would look quite dit 
ferent from one another. But all of thes« 
branching procedures can be reduced to 
a forward-branching procedure by pre 
senting the items of any one of the 
branching paths in the proper consecu 
tive sequence, like a linear program. This 
simplification eliminates the need for ex 
pensive equipment, such as the devices 
for random access of items incorporated 
into a number of machines currenths 
available for handling branching pro 


grams. 
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Norman Crowder® has used branching 
programs in his textbooks. These are in 
a scrambled page format, presumably in 
an attempt to conceal the branching proc- 
ess from the student. However, the stu- 
dent can browse through the book and 
not follow the branching instructions if 
he so chooses. Probably in the normal 
learning situation the student should be 
allowed to browse; but since most people 
concerned with branching programs are 
gathering experimental data, some more 
effective means for controlling student 
behavior is required. To control student 
behavior in experiments designed to in- 
vestigate different branching procedures 
at UCLA, we have devised a simple 
cardboard box, costing 50 cents, which is 
as elfective as most of the mechanical or 
electronic devices currently in use and 
has some features that the more elaborate 
devices do not have. 


6. Should programmed instruction he 
presented by machine, by programmed 
textbooks, or by a teacher? 


{ preponderance of the accumulating 
data indicates that, for linear programs 
at least, programmed textbooks are as ef- 


fective as machines.! The evidence is 
not so clear for branching programs, but, 
as mentioned before, complicated ma 
chines may not be necessary for branch 
ing programs. Many devices have been 
developed without due consideration to 
simpler methods of presentation or an an 
alysis of the task to be accomplished. 


In most programmed instruction, at 
least two tasks are involved. One is the 
student’s learning, and the other is the 
teacher's or experimentalist’s learning 
about student performance. Ideally, both 


N. Crowder, “Automatic Tutoring by 
Means of Intrinsic Programming,” Automatic 
Teac hing the State of the Art, ( Ed.) E. 
Galanter. John Wiley & Sons, 1959, pp. 109- 
116. 

Roe, et al., Automated Teaching Meth- 
ods Using Linear Programs: L. D. Eigen 
and P. K. Komoski, Research Summary No. 
1 of the Collegiate School Automated Teach- 
ing Project. New York, June, 1960: L 
Homme and R. Glaser, “Relationships be- 
tween Programmed Textbook and Teaching 
Machines,” Automatic Teaching: the State of 
the Art. (Ed.) E. Galanter. John Wiley & 
Sons, 1959, pp. 103-108 


of these tasks are inseparable; one must 
know about an individual student's per- 
formance in order to adjust the program 
to his individual needs, and one must 
know about the sum of all student’s per- 
formances to evaluate the program itself 
and the methods of presentation. How- 
ever, most existing devices do not record 
students’ responses in a manner that al- 
lows the information to be readily ana- 
lyzed for modification of a program, nor 
are most methods for storing program 
information conducive to quick, easy, or 
inexpensive modification. 

Also, if the logic decisions on how to 
effect branching have been made before 
the student starts the program, and if 
these logic decisions will not change dur- 
ing the course of the student effort, much 
simpler devices than digital computers 
can be used to effect the desired branch- 
ing. 

In an effort to separate the functions 
of the teaching-learning task, our re- 
search group at UCLA is now building a 
device which has three separate parts. 
The first part contains all the pro- 
grammed items and branching instruc- 
tions suitable for individual student use. 
This “teaching component” will cost only 
a few dollars. If a teacher or experi- 
menter wishes to gather data on student 
responses, an attachable unit provides 
the basic electrical circuitry for connect 
ing the inexpensive “teaching” compo- 
nent to any desired recording or control 
device. This device could be a com- 
puter. However, since we do not con- 
template at this point modifying the pro 
gram or the branching logic while the 
student uses the machine, the third com- 
ponent which we will use for recording 
is a tape punch. Punched tape will be 
intermittently processed at a computer 
external to the teaching devices. Note 
that the basic “teaching” component need 
not have a means for overt student re- 
svonses. If we do wish to record student 
responses, then they must be overt 
Therefore, this capability, which may 
slow student learning, will be included in 
the second, or “circuitry,” component. 

So far, this paper has been concerned 
with teaching machines and programmed 





444 JOURNAL OF ENGINEERING EDUCATION Vol. 52—No 





FiGuRE 5 


Random-Access Slide Projector 


(System Development Corporation ). 


Selection of the slides 


is under the control of the Bendix G-15 computer, which senses responses of the student 


through a typewriter input 


texts. We have discovered in our work 
at UCLA, quite accidentally, that a 
teacher can effectively deliver a pro 
grammed lecture. Our experience is that 
students who hear a programmed lecture 
perform just as well on post-tests as stu 
dents who have learned the same subject 
matter from a machine or programmed 
text.!1!_ Also, a good “programmed lec 
turer’ paces the program considerably 
faster than the students tend to when 
they work by themselves. 

7. Should 
supplement class work or replace class 
work? 


programmed — instruction 


Theoretically, it is possible to arrange 
almost any learning experience so that it 
can be accomplished without the direct 
participation of a human instructor. Les 
lie Greenhill’s study on the application of 
automated programming techniques to 
closed-circuit TV at Pennsylvania State 
University is a case in point. However, 
from a practical point of view, some sub- 
jects will be easier to prepare for auto 
instructional use than others, and per 


* Roe, et al., Automated Teaching Meth- 
ods Using Linear Programs. 


haps an analysis of the functions pei 
formed by human and non-human teac h 
ers would indicate which are best suited 
for specific portions of the task. E. M 
Williams, of the Department of Electri 
cal Engineering at Carnegie Tech, has 
suggested that programmed texts could 
advantageously be used for the out-of 
class study portion of each course, and 
that class time could be reserved for free 
wheeling discussions which would possi 
bly stimulate creative thinking 

There are several other points whic h 
though they are not currrently contro 
versial, mav soon become so, and there 
fore fall within the scope of this paper 
One is that students are not the best 
judges of how fast or how slowly they 
should go through a learning session 
Many students, if left to their own de 
vices, will labor away indefinitely on a 
trivial point which baffles them. Other 
students will skim quickly through a pro 
gram only to discover towards the end, o1 
at the end, that they do not have a tho 
ough understanding of the material 

Another point is that, in the author's 
opinion, there is no clear-cut way to 
notwithstanding the 


write programs 
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many institutes which are currently of- 
fering courses in how to write programs. 
It is possible to classify program items as 
T. F. Gilbert did: lead-in items, review 
items, fading items, interlocking items, 
generalizing items, etc., and to write a 
program based on this scheme.'!?  How- 
ever, a computer would be needed just 
to keep track of what kind of item to use 
And with all of these rules, the 
finished product will depend to a large 


when. 


extent on the inspiration and verbal skill 
of the person composing the items. There 
has been too much expertise in program 
writing, a good deal of it based on un- 
tested hypotheses. 


As stated above, logical and humani 
tarian considerations are perhaps poor 
guides to determining effective instruc 
tion. However, it should be recognized 
that even the most carefully controlled 
and statistically analyzed experiment is 
better 
measures are weak; the number of varia 


not a much guide. Criterion 
bles that can physically be examined at 
one time is limited; the major perform 
ance measures—learning time and _ test 
scores—have not been completely sep 
arated, nor completely combined; and 
most important of all, an adequate ra 
tionale for specifying the efficiency of the 
teaching-learning process is lacking. 


To summarize, we can only conclude 
that we know very little about precisely 
how automated instruction works o1 
should work. But that it does work is 


no longer questioned. The author does 


not believe that any new principles of 

learning have been dis¢ overed from auto- 
. 1 

mated instruction, nor that a new science 


of instruction, with a concommitant ordet 


r. F. Gilbert, An Early Approximation 
of Principles of Analyzing and Revising Self- 
Instructional Programs. Paper read at the 
Air | orce Office ot Sci ntifi Ke seat h and 
University of Pennsylvania Conference in 
the Automated Teaching of Verbal ind 
Symbolic Skills, Philadelphia, December 
1958; Rigney and Fry, A Survey and Analy- 
sis of Current Teaching-Machine Programs 
and Programming: J. L. Evans, R. Glaser 
ind L. E. Homme, The RULEG System fo 
the Construction of Programmed Verbal 
Learning Sequences, University of  Pitts- 
burch, Department of Psychology, August 
1960 
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Ficure 6. 

UCLA Branching Device. Learning items 
on 4 x 6-inch cards are numbered and ar- 
ranged in a scrambled sequence in the box 
The box is constructed and the cards are 
irranged to prevent the student from brows- 
ing and from recognizing the branching 
procedure 


of magnitude in learning, will unfold." 
Rather, we can expect the evolution of 


A. A. Lumsdaine, “Some Experimental 
Beginnings for a Science of Instruction.” 
Invitation Address. Western Psychological 
Association Annual Convention, Seattle 
Washington, June, 1961 
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a large number of little rules, each cover- 
ing a specific set of circumstances. If no 
broad principles will be uncovered, then 
the major problem is how to handle the 
large number of little rules in a worka- 
ble teaching system. This is a fairly com- 
plex problem, but some beginnings have 
been made towards its solution.14 System 
Development Corporation in Santa Mon- 
ica, California, is currently building a 
laboratory to explore the student, teacher, 
machine, classroom, counselling, and ad- 
ministrative functions in a computer- 
based system.'® Bolt, Beranek, and New- 
man in Cambridge, Massachusetts, have 


“]. A. Kershaw and R. N. McKean, Sys- 
tems Analysis and Education. RAND Cor- 
poration. Report RM-2473-FF, October, 
1959; J. T. Darley, Project TALENT Re- 
ports. American Institute for Research, Pitts- 
burgh. 

*D. D. Bushnell and J. F. Cogswell, A 
Computer-Based Laboratory for Automation 
in School Systems. System Development Cor- 


received an Air Force contract to investi 
gate the possible functions of a digital 
computer in an automated teaching sys 
tem. Our own project at the University 
of California, Los Angeles, is attempting 
to develop a rationale for sampling data 
from the multivariable teaching-learning 
situation in such a way that a computer 
can function as a learning machine to 
continuously modify and hopefully im 
prove the logic decisions which will de 
termine the teaching program presented 
to any individual student.'° We are 
looking forward to a period ten or fifteen 
years from now. In the meantime, there 
is ample opportunity for you, as an edu 
cator, to write your own programs, and 
for vou, as an engineer, to solve what ap 
pears to be the systems engineering prob 
lem of education. 

“A. Roe, J. Lyman and H. Moon Phe 


Dynamics of an Automated Teaching Sy 
tem,” Automated Teaching Bulletin, Vol. | 
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MILLION TO ENGINEERING AT NOTRE DAME 


A grant of $1,000,000 has been awarded by the Alfred P. Sloan Foundation to the 
University of Notre Dame to expand and improve its College of Engineering 

Announcement of the grant was made by Alfred P. Sloan, Jr., Foundation presi 
dent, and Rev. Theodore M. Hesburgh, C.S.C., president of Notre Dame 

“The magnificent Sloan Foundation grant comes at a strategic moment in Notre 
Dame’s development and will have an impetus that is hard to measure,” Father Hes 
burgh declared. He said the grant will be used to strengthen the University’s engineet 
ing faculty, improve and expand its engineering laboratory facilities, and establish a 
Computer Center. 

Father Hesburgh said Notre Dame will endeavor to match and supplement the 
Sloan grant so that a total of $2,500,000 will be available to underwrite engineering 
development at Notre Dame in the immediate future. 

He pointed out that as a result of the Sloan Foundation grant, Notre Dame will 
receive an additional $500,000 from the Ford Foundation as one of six universities 
chosen to participate in its Special Program in Education. The Ford Foundation will 
award Notre Dame one dollar for every two dollars which it receives from non-govern 
mental sources during a three-year period ending June 30, 1963. 

Portions of the Sloan grant expended for laboratory expansion and the Compute 
Center also will qualify for matching fund programs of the National Science Foun 
dation. 





Introduction to Awareness 


A FRESHMAN WRITING PROJECT OF THE STEVENS 
INSTITUTE OF TECHNOLOGY 


STEPHEN J. HASELTON 


Associate Professor of Humanities 
Stevens Institute of Technology 


Che Humanities Department of Stevens 
has now completed the second vear of an 
experimental course in writing, required 
of all freshmen. It is designed as a pre 
lude to their educational experience in 


the two undergraduate programs, one in 


non-specialized engineering and the 
other in unified science 
Rationale 

Two vears ago the members of the 


department agreed that they were not 
taking full advantage of 
educational tool and that they might with 
an approach, hereafter described, make 


writing as an 


students more aware of the nature of the 
educational project in which they are en 
gaged, more aware of themselves as pai 
and 

learning 


ticipants contributors, and more 
of 
method rather than as information. This 
not, the 
cided, provide the material for a 
rate course, but would be presented as 
a part of the department's freshman of- 
fering, Introduction to the Humanities; 
they hoped that the skills students de 
veloped in definition, analysis, and struc 


in the hu 


aware as a process and 


venture would instructors de- 


sepa- 


turing would serve not only 
manities program but in the science and 
engineering programs as well. 

All that we know, as Percy Bridgeman 
has noted in his The Way Things Are, we 
learn through observation and introspec- 
tion. All thinking men, past and present, 
have observed and have made sense out 


of their observations. Men as diverse as 


147 


Plato, Aquinas, and Newton all logically 
ordered their experience in particular and 
epoch-making ways. Students must dis- 
cover that the structures that these and 
many other men have made are the sub- 
ject matter of their courses; and they 
must, as young men becoming educated, 
soon see themselves taking part in this 
process and meeting its challenges and 
responsibilities. 


The department thought that in mak- 
ing students cognizant of these realities 
they should first be asked to look 
curately 
presumably familiar aspects of their ex- 
perience an attempt to 
their ideas and reactions by uncovering 
the assumptions and attitudes lying be- 
hind reactions. Here it 
hoped that they would begin to under- 
stand how much of their personality is 
involved in presenting their ideas on even 
the most common subjects, how much 
of their knowledge of society, attitudes 
built up under the influence of parents 
and teachers, and even fears and desires 


ac- 
and critically at specific and 


in understand 


ideas and was 


caused by childhood experience all serve 
to shape their point of view and _ their 


view of the world. Following these 
exercises to develop self-awareness and 
awareness of point of view, students 


would be required to recognize the at 
titudes of classmates and others and to 
investigate relationships resulting from 
conflicting points of view, and thus gain 
an increased sense of the complexity of 


even common events of their experience. 


Jrl . No. 7, Mar. 


1962 
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From articulating these situations they 
would gradually be introduced to anal- 
yses of the objective world and be asked 
to make different approaches to it, such 
as those made by the historian, the poet 
and the scientist, so they would recognize 
that these points of view are all available, 
valuable, and limited ways of ordering 
experience. 

This will doubtless seem too ambitious 
a program for one year, and probably no 
student has fully achieved what it set out 
to present. But even though this is true, 
many made promising beginnings and 
the program surely served many more in 
the role of that kind of guide Robert 
Frost suggests “who only has at heart 
(the seeker’s) getting lost.” Most people 
find themselves only after getting thor- 
oughly confused. But results will be dis- 
cussed later on. 

Before describing how the department 
attempted to implement this program, 
there are other aspects of the experiment 
that should be mentioned; for although 
some of these are far from novel, they 
have contributed greatly to what effec- 
tiveness the project has enjoyed. First, 
department members, 
truism that the only way to learn how 
to write is to write, required students to 
submit papers of about 250 words twice 
a week in the fall term and of about 500 
words once a week in the spring. While 
this is not a remarkable amount of writ- 
ing perhaps, it was sufficient to make de- 
mands on freshmen which they had never 
experienced before, and enough, as the 
students themselves testified, to make 
writing grow into something of a habit 
and to bring about a gratifying gain in 
both facility and confidence. The num- 
ber of themes was also sufficient to test 
the mettle of instructors, some of whom 
were reading as many as 140 per week 
in the fall and 70 longer ones per week 
in the spring. 


embracing the 


Second, instructors emphasized im- 
provement and not grades. At each ses- 
sion they returned papers submitted at 
the meeting previous with written com- 
ments on content and style indicating 
where the papers had succeeded and 
where they could be improved, but gave 


no grades. Instructors told the best stu 
dents as well as the poorest how they 
could do better. As a result, there seemed 
to be less tendency for students to relax 
once they had reached a certain level of 
performance, because they never knew 
when they had reached that level. 
Third, except for students’ following 
the general framework of the program, 
instructors left them to carry out their 
own investigations, much as the natural- 
ist Louis Agassiz left his pupil Nathan 
Shaler alone for days on end with the 
task of observing a small fish. At no time 
did instructors tell students how they 
were to proceed or what they were ex- 
pected to find. In class discussions in 
structors tried to ask questions and stim 
ulate exchanges which would lead _ to 
further investigations and would encour- 
age critical and individual points of view 
They also attempted to carry on in this 
fashion through comments on students 
papers; 
joyed marked success and instructors re 
ported that exchanges through themes 
and comments turned into, as it were, a 


occasionally this practice en 


kind of personal dialogue 
I g 


Program 

Topics for the first semester were se 
lected to effect some of the ideas de 
scribed in earlier paragraphs. In both the 
fall of 1959 and 1960 the department 
used controlling general concepts, which 
cannot be defined except in terms of 
themselves; the purpose of this practice 
was to give students a sense of unity and 
direction in their investigations. The de 
partment settled on the 
change for 1959 and that of importance 
for 1960. 

The first series of topics required stu 
dents to deal with their subjective ex 
periences. They were asked to describe 
specifically their thoughts and attitudes, 
to explain why they thought and felt as 
they did in particular situations through 
topics such as this one: 


concept of 


Since you have come to Stevens, you 
have doubtless heard many things called 
important. Select one that you have ac- 
cepted as important. Why have you done 
so? Describe and analyze your thinking 
carefully. 





it 
h 
rf 
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or this one: 
Recall specifically your first impressions 
of your dormitory room or of a particular 
classroom. How did you feel about this 
place? Describe specifically its atmosphere 
and tone. Why did it have this atmos- 
phere and tone for you? 


The next series took students into more 
complicated situations in which they 
were required to report conflicting or 
changing points of view and to examine 
relationships that resulted. From 1959, 
this topic: 
After a few weeks at Stevens you prob- 
ably find your home a different place. 
Describe how some aspect of home has 
changed and how you have changed to- 


ward home so as to make a new relation- 
ship. 


In this series topics were set in groups 

in order to explore a changing relation- 

ship extensively, as in these three: 
Before you came to Stevens an older 
person doubtless talked to you about the 
college experience and _ told you things 
that he considered important. What spe- 
cifically did he say? Describe how he ap- 
peared to you as he talked. 


Did the person you wrote of in the pre- 
vious theme convince you of the import- 
ance of his advice? Did you accept it o1 
reject it at that time? Why or why not? 
How did you see your relationship then? 
How do you regard his advice now? 


Doubtless your experiences in the interim 
have changed its importance to you in 
some way. How do you see your rela- 
tionship to this person as a result? 


In the third series, which concluded the 
work of the fall term, students began to 
examine constructions that men have 
created to explain their experience. This 
series prepared students for the more de- 
manding intellectual requirements of the 
spring term. Here, more than previously, 
topics challenged their responses, which 
were often automatic, and led them into 
a recognition of the values and _ limita- 
tions of other points of view. The follow- 
ing interesting and, as it turned out, 
fruitful group was tried in 1960; the 
purpose here was to see the artist as one 
who imposes his own intellectual and 
emotional patterns upon sense impres- 
sions received from the external world. 
Students were first required to write on 
this topic: 


Observe New York City from Castle 
Point. Bring all your senses and sensi- 
bilities to bear. Describe what strikes you 
as important in this view. Why do these 
things seem important to you? 

Then they were asked to observe how a 

moderately impressionistic and conven- 

tional painter viewed the same scene. 
Study the picture “New York and Hud- 
son River seen from Jersey City” by A. 
Mare which hangs on the south wall of 
the upper reading room of the Stevens 
Library. What do you believe the artist 
saw as important? Why do you think so? 
Is this picture important to you? Why 
or why not? 


And then how an expressionistic and 

highly individualistic artist saw it. 
Study the picture “New York Harbor” 
by Georg Grosz which hangs on the 
south wall of the upper reading room of 
the Stevens Library. What do you believe 
the artist saw as important? Why do you 
think so? Is this picture important to 
you? Why or why not? 


Following each of these three series in 
the fall term students were asked to re- 
flect on what they had learned through 
writing and class discussions and then 
compose a summary essay which would 
present their findings to that point. 


In the spring semester students further 
developed skills in observing, defining, 
analyzing, and structuring by examining 
the objective world of things and events, 
by studying the forms and points of view 
of creative writers, philosophers, and his- 
torians of other times and places, and by 
seeing themselves in relation to these 
things. In 1960 the department was par- 
ticularly interested in the definition of 
points of view of literature, science, and 
historv, and in the recognition of the 
values and the limitations of them. The 
following are typical of a series of topics 
defining a dramatic point of view: 

Aristotle wrote that one object of tragic 

drama is the imitation of a serious and 

complete action. Do you find this kind 
of dramatic tragedy in Othello? If vou 
do, what is it and how does it affect 
you? If you do not, what do you require 


serious and complete action to be, and 
how does Othello affect you? 


scientific point of view: 


Describe sunshine as a scientist would 


using words alone. From this point of 
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view what would you mean when you 
say that you know something about this 
phenomenon? 


and a historical: 
Consider the Negro protest movement in 
the South. What is your reaction to this 


event? Show how your reaction is the 
reflection of some general point of view. 


In 1961 the department modified its 
approach somewhat so that students 
could bring their skills to bear more di- 
rectly on the problems presented in the 
study of European civilization, the major 
part of the freshman course, while at the 
same time analyzing their points of view 
in relation to those of other times. 
Weekly topics dealt directly with the 
current reading assignments and were 
designed to lead toward definitions of 
the various aspects of the cultures under 
examination. The following topic, for ex- 
ample, led to a fuller understanding of 
the Renaissance mentality: 

Cellini’s Autobiography reveals a success- 

ful Renaissance man. What from Cellini’s 

point of view made his life successful? 

Does his conception of success agree 

with your idea of success? Why or why 

not? 


Or this one to a partial definition of the 

point of view of the Age of Reason: 
In the Bourgeois Gentleman, Moliere, 
concerning himself with social man, pre- 
sents standards of conduct for satisfactory 
human relationships. Describe his views. 
Do the virtues that he advocates seem 
desirable and important to you? Why or 
why not? 


Results 


Now, how well did this program suc- 
ceed as an educational tool and as prac 
tice in writing? For a final theme in both 
spring terms students were asked to pre 
sent what they understood to be—for 
they had never been told—the purpose 
and rationale of the program. They were 
also asked to discuss the general effective- 
ness of the course and to measure its 
success for them personally. While their 
comments cannot always be taken at face 
value, for some students were surely 
more guarded than forthright and many 
performed no better as analysts in this 
than they had in earlier assignments, 
their remarks must be recognized to have 


value if they are judged with caution, 
In addition, instructors agreed to evalu- 
ate the program and to report on their 
experiences in teaching in it. A summary 
of student and faculty responses follows. 


There can be no doubt that many 
students were “shaken up” by the course, 
as they themselves said, and as the de 
partment wanted them to be. Not only 
did the amount of writing stagger them, 
initially at least, but the topics confused 
and frustrated and the procedures often 
mystified them. Many made such ob 
servations as: 


Without a doubt, the course was in- 
tended to disturb things and it served 
its function quite well. Within a week, | 
learned what was in store for m«e No 
longer was I allowed to remain in the 
pleasant state of equilibrium which I had 
attained in high school. Ideas, attitudes 
conceptions and misconceptions, all were 
placed under the microscope. Basic as 
sumptions were questioned and if they 
could not stand up under scrutiny they 
had to be discarded or revised 


Their interest was stirred and continued 
to be; indeed, many understood that to 
lose or not to have interest meant that 
they had, in fact, found themselves un 
interesting. Several instructors observed 
a more than normal motivation and a 
better than usual relationship between 
themselves and students. As one instruc 
tor put it: 


Finally, this has been a most valuabl 
and enlightening experience fox me. Not 
only was interest sustained throughout 
the term , but rapport between th 
class and the instructor developed to a 
degree that I had never experienced be- 
fore, not even in upperclass elective 
courses. This I attribute to two facts 
first, I was able to know each student 
individually through his papers and dis 
cussion in class, not simply his name and 
face but his personality and problems 
second, [ was able to insinuate rather 
than demonstrate, to elicit rather than 
tell, so that the students realized that 
they were not simply on the receiving 
end of the learning process but squarely 
in the center. 


There were also other gratifying results 
The one most frequently noted by both 
instructors and students was a conside1 


able improvement in ease and confidence 


in composition. “Writing two papers a 
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week,” said one instructor, “has increased 
the writing facility of even the poorest 
students. The mechanical chore of just 
doing it has inevitably made the differ- 
ence. At the very least, it is no longer 
exotic activity to try to convert thought 
to words on paper.” Students’ reports 
corroborated this observation, yet their 
remarks also clearly indicated that de- 
spite increased facility the program con 
tinued to be a demanding and perhaps 
agonizing experience for many. This in- 
creased facility, of course, would doubt 
less have resulted from any serious writ- 
ing program, and the department does 
not delude itself that this new ease and 
confidence will be permanent if students 
are not required in subsequent years to 
write frequently on challenging subjects 
and to write well. 


Instructors concurred that to varving 
extents, and almost without exceptions, 
students seemed to gain an increased 
awareness that even the most common 
experiences including those which they 
once may have thought they compre 
hended—are susceptible of deliberate 
analysis, thereby revealing many aspects 
which formerly they had never suspected 
Further, there was an increased aware- 
ness among students that point of view 
significantly determines what we = can 
know about ourselves, the world around 
us, and the interactions between the two. 
And probably all students realized some 
increased awareness ot their Owl psycho- 
logical complexity and the corresponding 
complexity of others, of the complex na- 
ture of their sensory perceptions, the 
complexities inherent in the settings in 
which they operate, and the complex 
nature of the constant interchange be 
tween inner and outer events 


Roughly the upper half of these classes 
recognized, at least to a limited degree, 


the possibility of using their new views 
and techniques to help in dealing with 
their work in the humanities and in solv- 
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ing problems in science and mathematics. 
A few of the very best indicated that 
they understood completely the rationale 
of the program and described it much as 
it has been presented here. They not only 
saw the significance of the exercises as 
practice in writing but recognized the 
program as an educational experience 
with direct applications to their scien- 
tific subjects. One of the leading scholars 
in this year’s freshman class wrote: 

I managed to see a relationship between 

general ideas and viewpoints in the hu- 

manities with the physical sciences; so 

I began to see the sciences as relativistic 

things and not the absolute things, which 

they had once seemed. 
Such students believed they had fulfilled 
the objectives of the course. Their in- 
structors thought so, too. 

These are promising signs for this new 
writing project for science and engineer- 
ing students, but there is, of course, no 
objective way to demonstrate just how 
useful it is or will be to the Stevens cur- 
ricula. The project has not been de- 
scribed here as a panacea but as an ex- 
periment that has enjoyed some interest- 
ing and fruitful results, and as a project 
that presents a reasonably effective ap- 
proach to the educational needs of 
Stevens students and doubtless to those 
of engineering and science students else- 
where. And on a somewhat more cau- 
tionary note, when speaking of students’ 
learning how to write effectively, the 
department does not suggest that the 
experiment has solved that problem 
strikingly better than other programs. 
Furthermore, whatever the project has 
taught students about writing, it will not 
have an important and lasting effect un- 
less every instructor, not just humanities 
instructors, accepts the responsibility of 
continuing to insist on students’ com- 
municating effectively. Writing should be 
thought of not as something taught in a 
separate course but as something taught 
in all courses all four vears. 





Student Writing: A New Approach to 
An Old Problem 


SAM E. SALEM 


Professoral Lecturer, Department of Humanities and Social Studies, 


Case Institute of Technology, Cleveland, Ohio; 


Director, Writing Program and Reader Service 


Carl to college boasting an 
above average I.Q., a commendable high 
school record, and a respectable score 
on the entrance examination. Yet he re- 
ceives an “F” on his first English theme 
The reason: he makes glaring mistakes 


comes 


in grammar, spelling, and punctuation; 
he cannot write clearly, effectively, co- 
herently, and logically. Since the ability 
to communicate an idea is basic to any 
college course, Carl is soon in danger of 
being separated, even though he is po 
tential college material. 

Happily, Carl's case is an extreme one. 
But his situation points to a major prob- 
lem facing higher education today. Ac 
cording to educator Robert U. Jameson, 
almost every college administrator has 
found the average freshman to be de- 
ficient in the basic skills of composition 
While the worst cases quickly flunk out, 
many sub-par writers manage to squeeze 
through. Thus, they 
source of frustration to their professors 


pose a_ constant 
and, later on, to their employers. 

At Case Institute of Technology, the 
answer to this problem is the Writing 
Program and Reader Service, which was 
initiated in the fall of 1959. Its essentials 
are easily summarized. A staff of 
cially trained readers is made available 
to the engineering, science, and 
agement departments. Each 
working under the direct supervision of 


spe 


man 
reader, 


the classroom instructor, checks student 
writing for English while the 
teacher marks the content. 
The readers then consult with those stu- 


usage, 


papers for 


dents requiring special attention. 


lo 


Now in its third year of operation at 
the Reader Service has attracted 
considerable national attention 


Case, 
Its suc- 
cess has been reported in a number of 
leading newspapers, including the Sat- 
urday Review magazine and the educa 
tion section of the New York Times. Va 
rious colleges, universities, and academi 
organizations have indicated a keen in 
terest in Case’s approach to the problem 
of deficient undergraduate writing. 

The story behind the establishment of 
the Reader Service goes back to the sum- 
mer of 1959 
Case was studied by a committee of the 
Humanities and Social Studies Depart 
ment, headed by Professor Morrell 
Heald, chairman. How had ( been 
coping with the problem up to that time? 
the 
same practice that most colleges and uni 

The effort 
the 
three 


when student writing at 


ase 


Essentially. Case was following 
versities are still employing 
limited to 

English course 
the first 

hours during the second 
the 


that reading good literature will promote 


familiar 
credit 
two 


COUTSE 


was primarily 
freshman 
semeste} 


This 


well grounde d 


hours during 


is based on theory 


better writing. Accordingly, the assigned 


readings cover the main literary forms 


essays, short stories, novels, plays, and 


poems. Moreover, principles of rhetoric 
the 


num 


and composition are stressed, and 


freshmen are required to write a 
ber of brief themes and a long research 
the 


s worked into the pro 


paper. During second semester 


speech training 
gram 


Freshman English (still in the em 
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riculum) has proved quite etlective in 
“polishing up” those student writing 
skills which were already fairly well de 
veloped. But it is not intended to deal 
with the serious problems which have 
mushroomed during the post-war era. 
The instructors do not have time to give 
each student the necessary individual 
attention. Although certain teachers 
have been given lightened loads and as 
signed to provide remedial tutoring, such 
limited measures are not enough—too 
many students are involved. 

Clearly, a different approach was 
needed. One suggestion was to establish 
special courses in remedial English, com 
position, and rhetoric beyond the fresh 
man level. This idea, however, was not 
compatible with the already overcrowd 
ed Case curriculum. More important, it 
was known from past experience that 
students who made progress during spe 
cial remedial sessions often failed to 
transfer this improvement to othe 


courses. 


What was needed, as Professor Heald 
and his committee concluded, was not 
an extension of composition courses into 
the upper grades, but an_ integrated 
method of stressing good writing in 
every course — not more hypothetical 
writing situations, but a concentration on 
the actual writing being done in the 
classes. This procedure takes full advant 
age of the “built-in” motivation present 
in the student’s major field of interest 
He IS interested In the course and, hence, 
in the assigned writing. Moreover, the 
class assignments closely simulate the 
tvpe of writing he will do as a scientist, 


engineer, or administrator. 


Such an integrated system of stress 
ing composition, it was reasoned, applied 
particularly to the science, engineering, 
and management areas. Many teachers 
of these courses required that term 
papers, laboratory reports, examinations, 
and other writings be correct from the 
viewpoint of English as well as content 
But they were at a loss to assist the bad 
writers. By education and training, they 
were well rermoved from the language 


arts, composition, and rhetoric Then, 


too, thev could not be expected to sac 


rifice their specialized subjects for ses- 
sions on writing fundamentals. In short, 
they needed outside help. 

That outside help has been provided 
by the Reader Service. As indicated 
earlier, the reader's primary role is to 
assist the professor in establishing high 
composition standards and in helping the 
weak writers. As a rule, the reader eval- 
uates the papers first, checking them for 
accuracy in grammar, punctuation, and 
spelling, as well as for clarity, coherence, 
and logic. This step makes it possible for 
the professor to concentrate solely on 
technical content. 

While the specific functioning of the 
Reader Service varies with particular 
needs and wishes of each department and 
course, all the instructors warn the stu- 
dents that the readers’ evaluations will be 
reflected in the final course grade. More- 
over, they require those students who 
demonstrate serious writing weaknesses 
to confer privately with the readers 
rhese two stipulations are crucial to the 
effectiveness of the Reader Service. 

But the success of the program rests 
primarily on the capabilities of the read- 
ers. Hence, they are carefully screened 
and tested before being appointed. They 
are required to hold at least one college 
degree, to demonstrate a high proficienc \ 
in English usage, and to be capable of 
thoroughly analyzing written work. Five 
readers were appointed during the fall of 
1959 and the same number during 1960- 
61. This year the staff was increased to 
six because of expanded efforts. 

Once appointed, each reader goes 
through a training program. Criteria for 
correcting papers are defined and sample 
student writings are examined for prac 
tice purposes. After the reader is assigned 
to a department, the director spot-checks 
the papers she has marked and makes 
suggestions as required. Since all the 
readers are housewives, they prefer to 
check the papers in their own homes. 
They come to the campus only to pick up 
and return papers and to meet with the 
director, professors, and students. Each 
reader spends the equivalent of about 
two days a week on campus. 


To what extent has the Reader Service 
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been employed at Case? Before consid- 
ering this question, several explanatory 
observations are necessary: 

(1) Since the program is still in an 
experimental stage, there has been no ef- 
fort to provide a staff large enough to 
cover every course. 

(2) One aim of the program is to fol 
low up on the work being done in the 
freshman English course. Hence, the 
readers are assigned only to sophomore, 
junior, and senior classes. However, the 
readers do give individual remedial at- 
tention to freshmen having serious writ- 
ing problems. 

(3) Primarily because of staff limita- 
tions, the readers are assigned only to the 
science, engineering, and management 
departments, where it is felt they are 
most needed. Occasionally, however, a 
reader will evaluate term papers written 
by her assigned students in the corre- 
sponding western civilization section. 

(4) The readers are assigned only to 
those departments which request the 


service. This voluntary procedure en- 


sures the cooperation of the faculty. 
The success of the experiment is best 
demonstrated by the steadily increasing 
requests for readers which have come 
voluntarily from the various departments. 
During the 1959-60 academic year, read 
ers were assigned to 16 courses in six de- 
partments, affecting 340 
juniors, and seniors, out of an approxi- 
mate total of 950. In 1960-61 the Reader 
Service functioned in seven departments; 


sophomores, 


the courses were increased to 18 and the 
students to 520. Last fall the Reader 
Service was further expanded to include 
the entire sophomore class. Thus, nearly 
800 students are likely to be affected by 
the program this year. 

How effective has the Reader Service 
been in raising the level of student writ- 
ing? No final answer can be offered at 
this early stage. Still to be evaluated is 
the work of enough seniors whose writ- 
ing has been checked by readers since 
their sophomore year. Moreover, for the 
most part, each student has had contact 


with the Reader Service in only one 
course during any semester. 

Yet within these limits, the results have 
been very encouraging. All the teachers 
and readers, as well as the director, have 
observed marked improvement. This 
progress was __ particularly 
among those students who already pos 


noticeable 


sessed fairly good writing skills but were 
now exercising these talents more care 
fully and effectively. Among those stu 
dents who had participated in the pro 
gram for just one vear, the readers were 
most successful in reducing punctuation 
and spelling errors and training the stu 
dents in the writing of effective, concise 
and clear sentences. As for those stu 
dents whose writing had been checked 
tor two consecutive years, the readers 
were able to improve not only accuracy 
and clarity, but also—and perhaps more 


his ob 


important—coherence and logic. T 
servation stresses the value of following 
up the Reader Service with the sam« 
group of students over a two or three 
year period. 

Because of this progress, the Reade 
Service has enjoved the confidence of 
both faculty and administration. But 
how have the students reacted? Perhaps 
understandably, they tend to greet the 
readers with an initial attitude of suspi 
cion and restrained resentment How 
ever, they soon come to realize that the 
readers are acting in their best interests 
Chis frame of mind makes it easier fon 
the reader to help the student. 

As indicated earlier, it would be fa 
too optimistic at this early stage to credit 
the Reader Service with having solved 
the problem of deficient student writing 
at Case. What is clear, however, is that 
the idea of integrating composition and 
rhetoric training in all the courses pro 
vides the key to the problem. The read 
ers have been able to improve student 
writing by concentrating on the wor! 
normally assigned In the classes and by 
giving the students individual attention 
according to their needs. The use ol 
more readers in more courses is bound to 


vield greater improvements 











The Philosopher-Engineer: A Program 
of Discovery 


LELAND MILES AND ESTHER PARKER 


University of Cincinnati 


Exposure to the world of ideas outside 
the closed circuit of technical education 
is a primary need of the student engineer. 
The technical man of today’s and tomor- 
row's world must be equipped to func- 
tion as an effective and humane leadei 
on the local, national and even on the in- 
ternational level, as well as to function as 
a technical specialist in his chosen field. 
Recognition of this need is not recent 
The problem to be solved, however, Was 
and is how to turn out graduate engi- 
neers versed in the humanities without 
encroaching on the time needed for nec 


essary technical courses. 


Under study at the University of Cin 
cinnati for nearly a decade, a solution to 
the problem had been proposed in 1959 
by Mr. Arthur Hamlin, University Libra 
rian. Mr. Hamlin, with the encourage 
ment of Dean Howard K. Justice of the 
College of Engineering, drew up a basic 
plan for a reading program for coopera 
tive students. He suggested seeking out 
side support to finance it. In the fall of 
1960 the General Electric Educational 
Foundation granted $5,000 for a pilot 
pro-ect. 


By coincidence, just as a pilot program 
was nearly ready for trial, an editorial by 
William T. Black in the UC Cooperative 
Engineer showed that the need for some 
sort of plan was felt by the students 
themselves. The editorial staff of the 
Cooperative Engineer had _ interviewed 
meml 
They found that those in the higher 
grade brackets felt that they had over- 
emphasized grades at the expense of 


vers of the 1959 graduating class 


other educational facets; those in the 
lower brackets felt that they had wasted 
a great deal of time during work sec- 
tions. (At UC the cooperative student 
spends a seven-week study section on 
campus and a seven-week work section 
in industry. More than 500 industrial 
firms and government agencies through- 
out the United States employ UC en- 
gineering students on this part-time 
basis. It is obvious that a student on 
work section, spending an eight-hour day 
on the job, has ample time for reading 
and recreation. ) 

Administration of the new “Experi- 
mental Reading Program in the Humani- 
ties” was assigned to Dr. Leland Miles as 
coordinator of English for the three co- 
operative colleges. Dr. Miles submitted 
an Operating Plan for the Engineering 
College in November, 1960. By Febru- 
ary, 1961, the program was in operation. 


The Program 

In brief, ERPH consists of making free 
paperbound books available to the stu- 
dent participants, each of whom must 
read four books during each of four 
seven-week work periods, for a total of 
sixteen titles. The titles may be selected 
from a special paperback library com- 
prising over 700 of the world’s most sig- 
nificant books, drawn largely from UC 
Professor Harvey Drach’s “Recommended 
Readings in World Literature.” Back on 
campus for the study period, the student 
is required to attend two discussion ses- 
sions under faculty leadership, reporting 
on his books and entering upon debate 
and discussion of the ideas and contro- 
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versial issues therein and their modern 
application. No credit is given, but nota- 
tion on the official record is made if and 
as the student satisfactorily completes 
each set of discussion sessions. 

There are some novel features. For 
example, students may keep the books, 
and at the completion of the program 
possess a nucleus of sixteen titles for 
their personal non-technical libraries. 
Second, each informal bull session is or- 
ganized around a common theme. One 
such bull session, on books in the reli- 
gion-science area, was recently taped and 
proved to be a great attraction at the 
UC Fair, held in the campus fieldhouse. 

Acting on the assumption that a com- 
pulsory program would defeat our pur- 
pose, we decreed that participation must 
be voluntary. We hoped that at least 40 
students would volunteer for ERPH and 
planned everything with that number in 
mind. To our astonishment the response 
of the student engineers was simply over 
whelming. Of 827 eligible students, 
(men in the middle three years of col- 
lege), 260 not only volunteered but pro 
tested vigorously at the limited number 
allowed to participate. Our counter-re 
sponse was to accept 72 students, though 
the increase made the discussion groups 
larger than was desirable. 


Student Attitudes 


At first we feared that such enthusi- 
asm might be motivated by the wish to 
obtain free books, as distinguished from 
the wish to read free books. Quite the 
contrary, however, enthusiasm increased 
as we held our first discussion sessions, 
during which students were informally 
tested on their initial readings. Many of 
the participating students have since ex- 
pressed the view that in these bull ses- 
sions they have experienced for the first 
time that thrill of intellectual give and 
take, that spark of mind clashing against 
mind which is, or should be, the essence 
of higher education. 

Also unexpected and gratifying was 
the reaction to ERPH of other colleges 
and groups on the University campus. 
Immediately upon inauguration of the 
General Electric program, the College of 


Nursing vigorously petitioned Librarian 
Arthur Hamlin to initiate a similar pro- 
gram for their college. Further, a dele 
gation of Arts and Sciences students de- 
manded that they be included, to which 
the Program Director replied that this 
would be possible only if they enrolled 
in a more cultural college, namely Engi- 
neering! Business Administration stu 
dents also expressed unhappiness at being 
excluded. 

It should be stressed here that ERPH 
does not take the place of 
courses in English and history. The basic 
concept of ERPH is not to replace re 
quired courses—it is to provide the cata- 
pult to launch the student into the at 
hitherto 
sparsely populated by a selective intel 
lectual group 


required 


mosphere of educated men, 


By the end of this vear the 72 partici 
pating students will have argued thei 
way through 24 separate discussion ses 
sions and will have read and annotated 
some 576 significant books. The initial 
$5,000 General Electric grant will then 
be exhausted. A further grant of $5,000 
from the University itself will carry 
ERPH through to the end of our pro 
jected pilot stage in August 1962 


An Important Step 


Assessment of ERPH up to this point 
leads us to the conclusion that this is 
without question one of the most im 
portant steps forward in engineering edu 
cation in many vears. Its importance 
cannot be confined to the engineering 
field—it provides a method for all coop 
erative colleges to help the student make 
his education a continuing 
throughout his lifetime and, through that 
student, to affect countless others 


proc ess 


Reports from the student advisers are 
without enthusiastic Di 


Gene Lewis, leader of the Politics-Social 


exception, 


Issues discussion group, believes that one 
invaluable benefit is the habit that is be 
ing formed of intellectual and mature 
discussion on controversial ideas posed 
by great books. Professor Jay Clow 
Novel-Drama group leader, reports that 
never in his twenty vears of teaching has 
he seen such zealous student-teacher give 
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and take. “Let no one speak to me of the 
illiterate engineer,” says Professor Clow 

Leader of the Religion-Philosophy- 
Science group, Dr. Michael Porte, says 
flatly that “The Experimental Reading 
Program probably was one of the most in- 
tellectually stimulating events at the Uni- 
versity of Cincinnati during 1960-61. 
That is the opinion of the students I have 
talked with, both in and out of the pro 
gram. To a man, those who are in the 
program want to remain in it. And those 
who are not yet in it, want to get in it. 
What is the attraction? It is not merely 
the chance to start a modest library of 
paperbacks. Nor is it the opportunity to 
socialize with the faculty. Although these 
two phases of the program definitely 
please the students, the main value of the 
program is the chance it gives engineet 
ing students to intellectualize, to discuss 
intelligently some of the ideas that deeply 
interest and provoke them 


Excitement Over Wisdom 


“Too often, a modern university pro 
vides ample opportunity for students to 
‘mix socially’ but too few chances for 
them to mingle intellectually—to get ex 
cited over wisdom. There are too few 
opportunities at a commuting school for 
ideas to take precedence over the many 
necessary but perfunctory duties that 
burden teachers as well as_ students. 
Hence the significance of the Experi 
mental Reading Program lies in the phys 
ical coming together of many minds, 
working with not only ‘great’ books but 
irritating books, suspenseful books, slight 
but significant books, and current books.” 

The engineer has been the target of 
constant sniping by those in business, 
politics and education who have trouble 
in communicating with the man who 
makes the wheels go round. C. P. Snow, 
himself a scientist and statesman, has 
written penetrating essays on the incom 
patibility of the two cultures, the narrow 
ness of the technical and scientific mind 
and its inability to comprehend large 
issues beyond the specialized field. 


But this is not an inherent disability 
It is ridiculous to suggest that the engi- 
neer who is used to dealing pragmati- 
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cally with technical problems is unable 
to deal with the problems involved in 
human relationships. It is ridiculous to 
believe that the engineer who works with 
the abstract concepts of physical prob- 
lems is incapable of understanding the 
abstractions of philosophy. But it goes 
without saying that he cannot understand 
either the relationships or the ideas un- 
less he first makes their acquaintance 
through the world of books. That ac- 
quaintance ripens into friendship through 
discussion, and the door to communica- 
tion between two cultures is opened at 
last. 


The Uncertain Future 

Under these circumstances it will in- 
deed be a pity if the Experimental Read- 
ing Program in the Humanities founders 
from lack of financial support. Let us 
hope that the purposes of the program 
may be read by some would-be sponsor. 
These purposes, themselves the most 
valid plea for continued support from 
American industry, are spelled out in the 
Operational Plan: 

1) To give the engineering student a 
start in assembling a personal non- 
technical library which will in- 
creasingly enrich not only his own 
life, but that of his future family 
and_ associates. 


Y 


(2) To inspire the student engineer to 
read great literature voluntarily 
in a non-academic environment 
thus cultivating in him a life-long 
habit of reading books outside his 
technical specialty. 

3) To aid in the production of engi- 
neers whose compassion and im- 
agination have been stimulated 
by significant books, and whose 
minds have been broadened to re- 
ceive and consider impartially the 
great ideas found in such works— 
to help produce, in short, men 
who by personality and by atti- 
tude are equipped to function not 
only as technical specialists but 
also as effective and humane lead- 
ers on the local, national, and if 
necessary even on the interna- 
tional level. 





Thesis Evaluation—A Checklist 


FRANK R. SMITH 


Head, Department of Humanities 
Institute of Technology 
Wright-Patterson Air Force Base, Ohio 


Summary 


This report proposes the use of a checklist to standardize and possibly to improve 
thesis grading. The checklist criteria are classified under six headings; each of these 
is further subdivided, and blank spaces are left for the addition of other elements 
The Problem includes the scope and complexity of the problem and the student’s un 
derstanding of it. The Background includes both the extent and the application of the 
literature survey. The Method includes its assumptions, logic, and reliability; the de 
sign and use of equipment; and the originality, knowledge required, effort expended 
and resourcefulness of the student. The Results include their completeness, accuracy, 
and relevance. The Interpretation includes description, evaluation, manipulation, and 
explanation of the results. The Presentation includes the organization, writing, abstract, 
and form of the report. 

Several methods of applying the checklist are suggested: the use of weighting 
factors, the use of qualitative judgments of each element, the use of only unfavorable 
checkmarks (the “blacklist”) or of only marks showing deviations from the expected 
standard in either direction (“evaluation by exception”); in addition, it is suggested 
that the checklist might be given to the students in advance or after reading, that it 
might be useful in thesis-grading conferences, and that in its minimal use it could at 
least remind the grader of qualities to evaluate. 

The proposed checklist is not presented as a cure-all but merely as one device 
for making a little easier the task of thesis grading, for helping to insure uniformity 
in the methods of an individual professor, and for helping to standardize methods 
within a department or a school. 


Preface tices. Unfortunately, he couldn't find 
Most of the readers of this report will much published information on the sub 
probably wonder more or less profanely ject and didn't have the experience him 
to themselves just where a professor of self to make up a workable model, but 
English gets off in trying to tell them he did set me to thinking 
how to grade their theses. Certainly It appeared to me—and this is the 
there is reason to wonder, but the an- second part of the answer—that my 
swer is really simple. quarterly agonizing over the technical 
In the first place, I didn’t think of the term papers of my engineering students 
idea. An English 299 student, Capt. C. was in many respects similar to that of 
A. Neuendorf, GGC-61, suggested it as the thesis graders: we both work with 
the topic of his special study. He had written reports in an attempt to evaluate 
heard many student comments about the quality of the students’ efforts. Ob 
thesis-grading practices and thought a viously, grading a thesis is a much more 
checklist might help improve those prac- complicated task than grading a term 
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paper, but I have found the use of a 
checklist most helpful, and so I reasoned 
that it should also be helpful to others. 


Consequently, | used some of Capt. 
Neuendorf’s ideas and I talked with a 
number of my experienced colleagues 
and I added my own ideas in an effort 
to design a useful tool. If it finds any 
users, | shall be pleased to hear of their 
reactions to it, especially their sugges- 
tions for revising it. 


Introduction 


The importance of a course of inde 
pendent study which culminates in the 
preparation of a thesis is undisputed; it 
is a  widely—almost universally-—used 
teaching device because of the opportun 
ity it gives the student to synthesize and 
apply in the solution of a real problem 
all the more or less disconnected pieces 
of academic knowledge he has acquired. 
Because of its importance the thesis nor 
mally carries a substantial fraction of all 
his required graduate credit hours. This 
heavy academic weight places severe re 
sponsibilities on the faculty members 
who must evaluate theses. Even if the 
thesis is given only an “acceptable” or 
“unacceptable” evaluation, it still de 
termines whether the student will grad 
uate. If it is given a conventional lette: 
grade, it can easily swing the average 
of all grades above or below the critical 
minimum. This one piece of work is cru 
cial in the academic life of the student. 


Consequently, it seems imperative that 
the faculty devise and apply a just, uni- 
form standard of evaluation. Unfortun 
ately, as all experienced teachers know, 
evaluation of a piece of independent 
work is largely a subjective process in 
which many unwanted variables operate, 
including the frailties of the evaluator. 
Each thesis is measured against a set of 
intuitively-felt standards, some of which 
may be loosely defined in departmental 
policy statements, but rarely are two 
theses measured against exactly the same 
set of standards, even when they are read 
by the same professor. And rarely can the 
reader explain to the writer all the rea 
sons behind the final evaluation, whether 
the grade be “A” or “D”. The same 


problem of explanation arises when two 
professors disagree about the worth of a 
thesis, and the less said, the better, about 
some of the methods used to reconcile 
these differences. 

There is an obvious need for a clear 
statement of standards which are defined 
precisely enough for general understand- 
ing and yet flexibly enough to be applied 
to many different kinds of theses by 
many different professors. Such a state- 
ment, if one can be found, would achieve 
two important purposes: one, it would 
contribute to the accomplishment of the 
primary objective of the thesis—that is, 
the education of the student; for only 
competent criticism can delineate for him 
the extent of his achievement, showing 
where he succeeded as well as where he 
failed. And second, the statement would 
simplify the professor's job in several 
ways, any of which should be welcome. 

Che purpose of this paper, then, is to 
propose an evaluation checklist contain- 
ing specifically-stated criteria. and a 
method of application general enough for 
widely varied use. Because most teachers 
have their pet phobias and peeves, the 
list offers blank spaces instead of at- 
tempting to name all possible criteria; 
these blanks allow the user to supply 
his own favorite measures of quality. The 
list is limited further by an attempt to 
keep it simple enough to be included on 
one page in legible type; a long or finely 
printed form would discourage many 
potential users. 

One result of this last limitation is 
that the definition and discussion of the 
criteria must be presented separately 
from the checklist. This separation can 
be justified, however, because the pro- 
fessor should not need to make constant 
reference to the definitions after he has 
used the form a few times. It might even 
be assumed that certain experienced— 
or brash—professors will not need any 
definitions at all. 


Along with the explanation and defini- 
tions, this paper also presents a_ brief 
description of several possible methods 
of applying the checklist in the deter- 
mination of thesis quality. Here again, 
the description of procedure must be 
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separated from the checklist proper for 
the same reasons and with the same justi- 
fication. 

One final warning needs to be offered 
before we get into the details: despite the 
claims just made about defining stand- 
ards and describing methods and render- 
ing real criticism, everyone must agree 
that the mechanical checklist cannot re- 
place the conscience of a sincere, quali- 
fied professor; it cannot relieve him of 
one jot of his responsibility, nor can it 
save him from the agony of analyzing the 
absolutely intangible “quality” of a thesis 
and converting it into a quantity of some 
form. These burdens he assumes with his 
title. All the checklist pretends to do is to 
help him organize, record, and explain 
his critical observations and calculations. 


The Checklist Criteria 

Rather arbitrarily, the checklist criteria 
have been classified under six headings: 
the problem, the background, the 
method, the results, the interpretation 
and the presentation. 

The Problem. In considering the prob 
lem, the evaluator must concern himself 
with two different aspects of it: one is 
the scope and complexity of the problem 
itself, especially as it is related to the 
capabilities of the student; that is, a good 
student working on a relatively easy 
problem should receive different consid 
eration from that accorded a weaker stu 
dent who has undertaken a more chal 
lenging task. Just what the difference is 
and how it is measured must be left to 
the professor; the checklist reminds him 
of it. 

The second aspect of interest to the 
reader is the student’s understanding of 
the problem as evidenced by his specific 
definition and description of it, by his 
placing it in its proper historical and 
technical context, and by his analysis of 
it into its issues, assumptions, and stand- 
ards. Some of this evidence the thesis 
supervisor will have accumulated during 
the course of the investigation, but the 
final evaluation must be based on the 
written statement, especially when the 
readers are otherwise unacquainted with 
the situation. 


The Background. Since almost no re 
search is undertaken in a vacuum, there 
is usually some degree of reliance on pre 
viously reported work. Furthermore, the 
careful student will not begin a research 
project without a thorough check of the 
literature to insure that he is not inadver- 
tently repeating earlier work and to dis 
cover and apply theories and experi 
mental techniques not taught him in his 
classwork. 

Evaluation of the thesis should include 
both of these ideas: the extent of the lit 
erature survey (shown principally in the 
bibliography but also sometimes in the 
preface or in earlier conferences) and 
the use made of the findings 
most obviously in the number and loca 
tion of the literature citations in the text 

The Method. As is well known, the 
method of an investigation frequently 
determines the validity of the results, 
but in a thesis the method is probably 
the best evidence of how well the thesis 


( shown 


has achieved its purposes of integrating 
the student’s training, extending it, and 
testing it. It is also a convenient place 
to apply some sort of yardstick to the 
student’s intellectual capacity, his initia 
tive, and his effort 

In evaluating the method of an investi 
gation, the professor critically examines 
the assumptions inherent in it. He tric 
to determine their validity, their neces 
sity, their completeness, and their limit 
He looks 
at the way the student has stated, de 
fended, and hand!ed them. And he draws 


upon his experience for comparisons to 


ing effects upon the solution 


help him arrive at a value judgment 


From another viewpoint evaluating 
the method means analvzing its logic, 
and that in turn can mean asking whether 
the sequence of actions is orderly and 


well planned (so that, 


for example, 
later experiment does not invalidate an 
earlier one), and whether the experimen 
tation is designed to produce econom 
ically the results needed to allow solu 
tion of the problem. 

Again, it can mean analyzing its relia 
bility; that term means a great mam 
things, of course, but of principal inte1 


est in a thesis are the simplicity, accu 
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racy, and duplicability of the method. 
As a general rule, reliability increases as 
the degree of these qualities increases. 

Still another aspect of method which 
can be considered by the evaluator is the 
design and use of the equipment, but 
unless much of the emphasis in the thesis 
falls on this aspect, it is usually evalu 
ated sufficiently in one or more of the 
other subheadings of method 

All the approaches to an evaluation of 
method discussed so far have dealt with 
what the student has done; the evaluatoi 
should probably consider also what was 
required of the student in getting those 
things done. 

Of most interest to the professor, pei 
haps, is the originality exhibited in the 
student’s work; the supervisor usually 
knows how much personal help the stu 
dent has been given in formulating the 
hypothesis, the procedure, and the 
equipment design, and he knows the lit 
erature well enough to recognize what 
the student has borrowed. What is left 
-the new—is a contribution to methodol 
ogy, and all professors look hopefully for 
it in every thesis. 

Also of considerable interest is the pro 
fessors evaluation of the knowledge re- 
quired of the student in his investigation 
Since one purpose of the thesis require 
ment is the synthesis and application of 
classroom learning, the method, the an 
alysis, and the interpretation should show 
a thorough grasp of the appropriate the 
ory, mathematics, and laboratory tech 
niques previously taught the student, as 
well as a clear understanding of the sup 
plemental information acquired from the 
literature survey 

Two related requirements which de 
serve consideration by the evaluator are 
the effort expended by the student and 
the resourcefulness he has demonstrated 
in overcoming difficulties and making full 
use of his resources. Often these two 
can be advantageously considered to 
gether, since thev tend to have a mutu 
A student who has 


avoided strenuous effort and brute force 


ally cancelling effect 


methods by great ingenuity and resource 
fulness should not be penalized, ot 


course 
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The Results. The results are the focus 
of every investigation, and they quite 
naturally assume great importance. The 
evaluator examines them to determine 
their completeness in view of the earlie: 
statement of the nature and scope of the 
problem, their accuracy, and their rele- 
vance. It is clearly a sign of the stu- 
dent’s faulty vision if the results do not 
contain enough explicit, factual informa- 
tion to permit the formulation of conclu- 
sions of some value, just as it is if the re- 
sults are padded with unnecessary data. 
The results obviously need not always be 
positive, but they should show unques- 
tionably that the announced investiga- 
tion has been completed. 


The Interpretation. Even more im- 
portant than the results, the interpreta- 
tion is the heart of the whole investiga- 
gation. It gives meaning to results which 
would otherwise be just a mass of unre- 
lated facts. The evaluator should be con- 
cerned with at least four aspects of the 
interpretation: 

1. He should assess the student's de- 
scription of the salient features of the re 
sults; i.e., he should recognize the stu- 
dent’s attempts to make the tables and 
curves easy for the first-time reader to 
interpret. A careless writer spends hours 
and days working with his data to dis- 
cover its meaning; then he simply pre- 
sents the whole mass in the report with 
the assumption that what is now familiar 
to him will be also familiar or easily seen 
by the reader. The careful writer, by 
contrast, takes care to point out maxima 
and minima, significant slopes, important 
deviations, etc., so that the reader bene- 
fits from the writer's long study. 

2 Che professor also should critically 
examine the student’s evaluation of the 
experiment and its results; all reasona- 
ble sources of error should be discussed, 
the accuracy and the validity of the re 
sults should be estimated, and the limit 
ing effect of the assumptions should be 
emphasized. 

3. Further, the evaluator should con- 
sider the student’s manipulation of the 
data; the term includes not only the un- 


favorable connotations of slanting o1 


twisting the facts to support a precon- 
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ceived theory, as in expanding or con- 
tracting the scales of a graph to affect 
the apparent slope of a curve, but a num- 
ber of useful connotations. For exam- 
ple, manipulation can mean simple acts 
like totaling or averaging, or smoothing 
raw data, plotting them in graphical 
form, comparing one set with another, 
arranging a table in meaningful order, 
etc. In the favorable sense, then, manip- 
ulation is a means of emphasizing the 
meaning of the data. 

4. And finally, the evaluator needs to 
analyze the student’s explanations of the 
data. These can take the form of conclu- 
sions based on the facts, recommenda- 
tions derived from the conclusions, and 
explanations of the causes of the ob 
served phenomena. Here is the ultimate 
useful product of the investigation, and 
it should receive the examiner's closest 
scrutiny. 

The Presentation. The way the report 
is presented is sometimes difficult to sep- 
arate from the content as the professor 
seeks to arrive at a fair evaluation. How 
ever, certain pretty well defined aspects 
of the presentation can usually be con 
sidered. 

The organization of the thesis is pet 
haps the most important aspect of the 
presentation. Organization, of course, is 
a broad term: it includes not only the 
logical sequence of ideas in the text but 
the handling of a number of more spe 
cific problems. 
the effective use of appendices for sup 


For example, it includes 


plementary information which is neces 
sary for completeness but which does not 
belong in the text proper, such as deriva 
tions of equations, sample calculations, 
tabulated data, supporting documenta 
tion, and very often collections of graphs 
oscillograph or computer traces, and so 
on. 

Organization also includes most of the 
means of making the document easy to 
use: the thesis is, after all, a utilitarian 
and the 
reader should be able to get answers to 


document—not a mystery story 


his questions at once. He wants to know 
first the nature of the problem, the pur- 
pose and scope of the investigation, the 
results and their meaning, and then ex 


actly where he can get more details. The 
underlying organization, the preliminary 
pages, and the introduction should give 
him this 
minimum of searching and _ frustration 
In judging this qualitv of the thesis, the 
evaluator can profitably imagine himself 


information quickly, with a 


a stranger seeing the thesis for the first 
time and then ask whether it satisfies him 

Another result of good organization is 
the integration of text and figures. Fig 
ures and tables should not be allowed to 
exist alone, without textual discussion 
or at least a textual reference. They 
should be so located that transfer of at 
tention from text to figure is convenient. 
And they should naturally be organized 
themselves so that they are clear, quickly 
comprehensible, and _ still meaningful if 
removed from the text. 

Perhaps the most difficult element of 
presentation for the technical man _ to 
evaluate, if his complaints are to be be- 
lieved, is the writing. No one denies that 
it should be graded, although there is 
considerable difference of opinion about 
how much weight it should receive, but 
most readers disclaim the ability to do it 
Still, given two pieces of writing, one bad 
and one good, almost any educated man 
can rate them correctly. This general 
rating is the simplest to make and should 
be the absolute minimum accorded to the 
thesis, but the careful reader wants to go 
a little further—after all, to tell the stu 
dent that his writing is bad, period, is of 


little educational value 


One easy way to criticize poor writing 
is simply to be alert for those occasions 
Almost any 
time a technically competent reader has 


when re-reading is required 


to pause and pondei or re-read a passage 
in a thesis, he can confidently assume 
A big X 


in the margin can mark such places for 


that the writing needs revision 


the student and at the same time give the 
reader a more concrete (i.e., demonstra 


ble) basis for his evaluation. 


Although such unclear or incomplete 
passages are the most serious faults of 
the writing, awkwardness (evidenced to 
the reader by an inner twinge at the 
grating sound in his ear) and mechanical 


errors such as misspelling and disagree 
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ment between subject and verb should 
also be marked, as should excessive word- 
iness, lack of connection between ideas, 
jargon, unclear punctuation, and so on. 
In none of these instances is it re 
quired of the thesis reader that he cor 
rect the fault; the student must be re- 
sponsible for that if the paper is in draft 
form, as it usually is; or if it is in final 
form, then no correction is called for 
Probably the most overlooked but one 
of the most important of the elements of 
the thesis is the abstract. Since it is many 
times the only part of the thesis seen by 
extramural readers, it carries the whole 
reputation of the paper. Most technical 
men have experienced the frustration 
that comes from reading an incomplete 
or inaccurate abstract while they are 
searching for information; they should 
be especially eager to save others from 
such experiences. In general, the ab 
stract should contain in the clearest, most 
concise language possible a minimum of 
four pieces of information: 1) the nature 
9 


of the problem that was investigated 
the general method used in its solution 
or attempted solution; 3) the most im 
portant results; and 4) the conclusions 
which can be derived from the results. 


These four essential elements should 
be found in all good abstracts, but an ex 
amination of more than 60 recent mas 
ter’s theses revealed that more than half 
of their abstracts lacked one or more ele 
ments; 25 per cent said nothing at all 
about the findings of the investigation. 

Other criteria which can be applied to 
the abstract include the following: 

1) Is it too long? (Five per cent of 

the report length, excluding appen 


dices, is the usual maximum 


2) Is it an accurate, reasonably pro 
portional condensation of the re 
port content? 

) 


3) Is it essentially narrative in form 
1.e., 1S it written in complete sent 
ences? 

1) Is it unnecessarily technical, with 
unexplained symbols or unfamiliar 
terms? (Many people will read 
only the abstract. 

5) Does it contain extraneous mate 

rial better suited for the preface on 


the introduction? 

Some of these questions are best an- 
swered after the first reading of the ab- 
stract, at which time the evaluator is in 
the best position to view it as a stranger 
will. Other questions can be answered 
only by comparison of the abstract with 
the report itself, so the abstract should 
surely be re-examined with respect to its 
accuracy and completeness. 

A final aspect of the presentation—in 
a sense the most inconsequential of all— 
is the form. Such mechanical details as 
margins and page numbering and head- 
ings and captions and so on seem to re- 
ceive a disproportionate share of atten- 
tion in writing courses, in readers’ com- 
ments, and consequently in the attitudes 
of the students themselves. Everyone 
should recognize them for what they are: 
trivia; but at the same time, thesis evalu- 
ators should realize that a standard form 
has been established, that the students 
have been told to adhere to it, and that 
many users of the theses—especially 
those who examine a number of them— 
as well as those casual readers who do 
not study them carefully, inevitably have 
their opinion about the school and _ its 
students influenced or even formed by 
seeing a succession of careless, inconsist- 
ently prepared reports. 

To look at it in another way, every ma- 
jor company, journal, federal agency, and 
institution has its own prescribed format 
and expects its writers to conform to that 
format in order to avoid precisely that 
unfavorable impression in their readers. 
Since the student is nearly always going 
to have to conform, one lesson the thesis 
teaches him is to follow specifications. 
And without being a proofreader, the 
thesis reader can become familiar with 
the standard form and mark gross de 
partures from it. 


In this discussion about evaluating the 
presentation of thesis material, an at 
tempt has been made to show that the 
subject-matter spec ialist, the scientist o1 
engineer who is certainly more interested 
in the content than in the manner of its 


presentation, is still qualified to criticize 
and teach in this alien field. Without 
boning up on dangling participles, he can 
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still tell the student that his attempt at 
communication is less than eminently 
successful and can point out specific in- 
stances of failure. To do so requires no 
more than normal consciousness and conh- 
scientiousness. 


Applications of the Checklist 


In recognition of the fact that only 
rarely will two people use exactly the 
same methods of evaluation, this check- 
list has been designed for a variety of ap- 
plications. It is, in other words, no final 
cure-all. It is rather a minimum set of 
generally agreed-on standards to which 
others can be added and with which a 
professor can document, organize, and 
explain his separate intuitive evaluations 
of the different parts of a thesis project. 

If he wishes, he might distribute cop- 
ies of the checklist (modified by his own 
additions and deletions) to his students 
before they begin working; by warning 
them of the factors he will use in his 
evaluation, he might possibly produce a 
considerable improvement in the quality 
of the first drafts he must read (and pro 
duce simultaneously considerable re 
duction in the number of corrections he 
must make). 

On the other hand, he might preter to 
use the checklist as a means of informing 
the student and guiding his revision of 
the text submitted in draft form. Or the 
professor might keep it himself as a re¢ 
ord of things to look for in the revised o1 
final draft, or as a record of the stu 
dent’s continuing performance. 

When a thesis is read and evaluated 
by a committee or a whole department, 
use ot the checklist by eal h reade should 
substantially eliminate the  all-too-fre 
quent pointless discussions about the ab 
stract “quality” of the work. It would 
permit each reader to document explic 
itly those aspects of the work he consid 
ered good and those he considered other 
wise—and more important, it would per- 
mit him to do so quickly and easily and 
logically, in terms and contexts readily 
understood by his colleagues, without 
time-consuming digressions (or is this 
ideal too much to be hoped for? 

The wavy in which the checklist is to 
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be marked is deliberately left unspeci- 
fied in this proposal. Some readers will 
prefer to use the list as a computational 
device; for them there are three columns 
which permit the assignment of a numer- 
ical rating to each evaluated factor and 
the assignment of a weighting number to 
each factor, so that a weighted value for 
each factor can be readily secured. For 
example, the ratings might range from 0 
(unacceptable) to 4 (outstanding); the 
weights might range over any scale, such 
as 1 through 10; then, if “completeness of 
results” carried a weight of 8 and re- 
ceived an evaluation of 3, the weighted 
value for that factor would be 24 out of a 
possible 32. 

Other readers will prefer merely to re- 
cord a qualitative judgment of each 
factor, such as “unsatisfactory,” “satis- 
factory,” or “excellent.” The evaluator 
then establishes some scale which takes 
into account the number of marks in 
each category; he might decide, for ex- 
ample, that no thesis with more than X 
number of “unacceptable” checkmarks 
would receive a certain grade: or he 
might effectively weight the checkmarks 
by deciding that no thesis would get an 
“A” if, for instance, its presentation were 
less than satisfactory. The possibilities 
for variation here are as extensive as are 
the grading habits of the readers. 

Still other readers will prefer to use 
the checklist as a sort of blacklist, mark- 
ing on it only those aspects of the thesis 
which are sub-standard. Alternatively, 
it can be used to call out those factors 
which deviate from the expected stand- 
ard in either direction—excelling it or not 
meeting it; in this application (a sort of 
evaluation by exception), no mention 
would be made of those factors which are 


considered satisfactory. 


And finally, perhaps the minimum use- 
ful application of this checklist would be 
as a reminder to the evaluator, a list of 
things to keep in mind as he reads or re- 
reads a paper. In such use, the reader 
does not bother with making any marks 
on the list, but he arrives mentally at an 
evaluation of those elements he considers 
important and silently weighs them and 


computes a grade of some sort. 
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In any of these uses except the last, 
the checklist should prove helpful when- 
ever two or more readers must agree on 
a grade. It would not, of course, resolve 
differences of opinion as to the merit of 
any single factor, but it would certainly 
assist in the isolation of the points of 
difference so that they can be discussed 
and compromised on. 


Summary 


To sum up, then, this paper proposes 
the use of a checklist as a means of im- 


proving methods of thesis evaluation. It 
is not intended to be a cure-all but rathe: 
a kind of analgesic that might make a 
little less painful the annual or semi-an 
nual throes of thesis grading. It is, hope 
fully, flexible enough to satisfy 
different users but standardized enough 
at the same time to offer a common point 


many 


for discussion among them, complete 
enough to help educate the student, and 
simple enough to encourage its use 

Suggestions for revision will be wel 
comed. 





UNIVERSITY OF ARIZONA ENGINEERING STUDY TOUR 


The Summer Session 1962 Catalogue of the University of Arizona will include 
a new course, M.E. 298s, under the College of Engineering, which will be available 
to a limited number (30) of eligible engineering students. This course will consist of 
a six weeks’ (June 27 to August 8) study tour of England and Western Europe during 
which visits will be made to selected educational institutions, research laboratories 
and industrial plants in eight countries. 
will be available for visiting places of particular cultural and historic interest. 


In addition, a reasonable amount of time 


The places of technicai interest to be visited were selected by the Tour Con 
ductor, Dr. B. S. Mesick, Professor of Materials and Design, based upon his personal 
knowledge of their recognized standing in specific fields of engineering and scientific 
activity. Examples of such places are the Engineering Departments of the Imperial 
College of London, the Phillips Research Laboratories in Holland, the Mercedes 
plant in Stuttgart, and the Ansaldo Iron Works in Genoa, where the luxury ships of 
the Italian Lines are fabricated. Each student taking the tour for credit will be 
required to attend a briefing lecture by Dr. Mesick before each technical visit and 
to prepare a written report at the end of the tour which will be used as the basis 
of his grade for the course. 

Arizona 
for six units of Graduate or Upper Division credit, three units of which may be used 


This Engineering Study Tour has been approved by the University of 
. PI 


as a technical elective and three units as a non-technical elective towards meeting 
the requirements for a degree from the College of Engineering 
will be required to prepare an additional report on subjects assigned by the Tour 
Director to earn graduate credit 


Graduate students 


Brochures describing the several University of Arizona Study ‘Tours were 
distributed during October 1961. An application form is included in each brochure 
and the deadline for registration is May 1, 1962. Each application must be accom 
panied by a deposit of $100. The cost of the Engineering Study Tour includes 
transportation (New York to New York, air or surtace), hotel and meals. The minimum 
basis is in a twin-bedded room without bath and amounts to $1,295 plus $67.50 
University registration fee which is required whether the course is being taken for 
credit or not. Other rates are given in the descriptive brochure, which is available 
along with any other desired information on the tour from Dr. F. Pendleton Gaines, 


Dean of the Summer Session, University of Arizona, Tucson, Arizona 








A Statement on Secondary School Preparation 
for Collegiate Study in Engineering 


SOME RECOMMENDATIONS BY 


The Deans and Directors of Engineering 


in the Commonwealth of Pennsylvania 


The deans and directors of those engi 
neering colleges of Pennsylvania which 
have curricula accredited by the Engi 
neers Council for Professional Develop- 
ment have prepared this statement rec 
ommending secondary school programs 
of study in preparation for entering en 
gineering college. The complexity of the 
problems which must be solved by engi 
neers today and in the future plus the 
impact of engineering on soc ial and po 
litical affairs have required major changes 
of emphasis in engineering education 
The programs of secondary school study 
recommended here should be helpful to 
students, parents, teachers, and schoo! 
officials in preparing applicants for the 
successful study of engineering inh college 


A truly liberal education is an essen 
tial foundation for success in the engi 
neering profession. This includes the 
study, in considerable scope and depth, 
of mathematics, physical and_ biological 
science, language, humanities, and social 
sciences. Therefore, a voung man or 
young woman, who, in secondary school 


Questions relating to this statement 
and to other areas OF engineering 
education, may be directed to any 
of the above In the interests of 
promoting wide circulation, per- 
mission is here by granted to re pro- 
duce this document in its entirety 
provided proper acknowledgment 
is made Additional ¢ optes may he 
obtained by writing to Dr. Merritt 
A. Williamson, Dean, College of 
Engineering and Architecture, The 
Pennsylvania State University, Uni- 
versity Park, Pennsylvania 


167 


has carefully prepared for admission to a 
college program in engineering or sci- 
ence, will also have qualified for admis- 
sion to any other college program. 

A primary requirement for the success- 
ful practice of engineering is the ability 
to communicate facts and ideas. The en- 
gineer must be able to listen, read, speak 
and write with precision, facility, clarity, 
and understanding. It is for this reason 
that the secondary school student needs 
four years of English; and it is for this 
reason that he must apply what he learns 
in English to all his other courses, and, 
indeed to his relations with others out- 
side of class. 

Engineering achievements rest on the 
foundation of mathematics and the sci 
ences. Therefore the prospective engi- 
neering student requires the best possible 
background of mathematics in elemen- 
tarv school and junior high school and 
four years of mathematics in high school 
or preparatory school. Furthermore he 
needs at least two years of science: chem- 
istry, physics, or biology. The courses in 
mathematics should preferably be mod 
ern in design, deep, and rigorous. If 
they are traditional, the emphasis should 
be on algebra, geometry, and trigonom 
etry. They should emphatically not be 
“shop” or “business” courses. The courses 
in science should stress concepts and 
methods of science, not a series of un- 
explained facts nor the “marvels of sci- 
ence.” 

It is perhaps worthwhile to emphasize 
some studies that are not necessary as 
preparation for engineering education in 
college. Courses in mechanical drawing 
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and shop fall in this category. Although 
the engineer must learn to communicate 
by means of drawings, sketches, and 
graphical symbols, he need not take valu 
able time in secondary school to learn to 
do so. Although the engineer must learn 
about the processing of materials, he can 
best learn contemporary method after 
graduation from college, rather than in 
secondary school shop courses. 


Educated Americans, more often than 
not, lack facility in reading and speaking 
foreign languages. Engineering is a truly 
international profession. Accordingly a 
student preparing for engineering should 
begin the study of a foreign language as 
early as possible—preferably in elemen 
tary school or junior high school. He 
should have completed at least two years 
of study in at least one foreign language 
graduates from 


before he secondary 


school. 

Finally, the prospective engineer must 
continue to prepare for what is, in the 
happiest situation, his most important ca- 
reer—that of becoming an adult member 
of society who lives and works with othe: 
human beings. This requires an under- 
standing of society and its origins which 
can be gained, at least in part, by the 
study of literature, history, economics, 
and other branches of the humanities and 
social sciences. Preparatory courses in 
these areas, of high intellectual quality, 
are accordingly necessary for all candi- 
dates for college education, including ed 
ucation for engineering. 

Secondary schools and colleges in in 
creasing numbers are arranging special 
courses for promising students. These 
often lead to advanced placement in col 
lege subjects. Students who aspire to en 
gineering are strongly urged to take ad 
vantage of such opportunities 
available. 


W hen 


To summarize: 


Young men and young women who are 
candidates for engineering are advised to 
plan their secondary school programs to 
include academic-vear courses of high in 
tellectual quality during the four vears 
before graduation in accordance with the 
following list: 


Area of Study No. of Courses 


1. English | 
2. Mathematics { 
3. Chemistry & Physics 2 
4. Biology | 
5. Foreign Language 

(Including Classical Lan 

guages ) 2 ors 
6. History, Literature, 

Social Science 2 or3 


Comments: 

English and Mathematics courses require 
good earlier foundation. 

Chemistry, Physics and Biology courses 
should be taught with emphasis upon 
principles and methods of science. 

Foreign Language courses might be ad 
vantageously preceded by work at 
lower grades. 

History, Literature and Social Science 
courses should preferably be intensive 
and of high academic quality 


If it is appropriate to add further work 
in order to extend an individual to his 
full capacity, then it is recommended 
that additional work be taken in areas 
numbered 5 or 6 or advanced placement 
courses in areas numbered 1, 2, and 3 

Upon the successful completion of such 
a program, the candidate will have met 
the course requirements for admission to 
any accredited curriculum in engineering 
offered in Pennsylvania, or, in all proba 
bility, to any accredited undergraduate 
curriculum in any field or in any college 
or university in the United States. This 
will, however, not in itself assure a stu 
dent of admission; his achievement re 
ord and gene! il recommendations must 
also be good 

L. V. Bewlev—Lehigh Universit, 

L. A. Brothers—Drexel Inst. of Tecl 

nology 

H. M. Carlson—Lafavette College 

S. T. Carpenter—Swarthmore College 

C. C. Chambers—University of Penn 


S\ Ivania 


H. F. Eckberg—Bucknell University 
G. R. Fitterer—University of Pittsburgh 
J. S. Morehouse—Villanova University 
B. R. Teare, Jr. 

Tec hnology 
M. A. Williamson—Pennsvlvania State 


University 


Carnegie Inst. ol 
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The Administration of Interdisciplinary 
Research 


PHILIP N. POWERS 


Director, Engineering Experiment Station, 
Purdue University 


The explosive advance of science and 
technology is presenting new problems 
in university research administration, just 
as it is in many other areas and segments 
of our society. There are no pat answers 
as to how to deal with these new prob 
lems, but we have been studving some of 
them at Purdue 

One of the results of this exploding 
technology is that the current areas of in 
vestigation and interest do not fit within 
the organization otf science and engineer 
ing as well as research did in the earlier 
days when the various disciplines were 
first being formulated. The complexities 
ot science and technology are now such 
that it is more and more frequently the 
case that any part War area in which 
people are working will not confine itself 
to one of the earlier disciplines 

Furthermore, this is not easily reme 
died by simply creating a new organiza 
tion with new disciplines. Of course, one 
might discard the traditional disciplines 
and substitute new areas of investigation 
We might, for example, organize activi 
ties in terms of methods of energy con 
the 


TI rocket pro 


version, or the materials sciences, o 


computer re lated sciences 
pulsion, or climate control, or radiation 
effects on materials, to name a few ex 
amples This would not, however. solve 
the problem; it would simply redefine it 
\t present individuals from the disci 


Presented at the Annual Meeting 
of ASEE at Lexington, Kentucky, 
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plines of physics, chemistry, electrical en- 
gineering, mechanical engineering, chem- 
ical engineering, nuclear engineering, and 
perhaps others, may collaborate on prob- 
lems involving the conversion of energy. 
If we were instead to put all these indi- 
viduals into a single Department of En- 
ergy Conversion, then, of course, some of 
these individuals would, after all, be also 
involved in the new Department of Ma- 
terials Sciences which would perhaps 
have to be created at the same time. 

The point is that the advances in sci- 
ence and technology have placed a pre- 
mium on administrative machinery to 
promote collaboration, cooperation, and 
more exchange of information across de- 
partmental lines. For the first time this 
IS becoming a necessity. Che problem 
cannot be avoided by creating new de 
partmental alignments. In fact, much of 
the success of university research and 
education in the future clearly will de 
pend upon the success with which the 
familiar departmental barriers are sm 
mounted 

Another result of the exploding tech 
nology is the “bigness” of research. Re 
search at a university can no longer be 
supported solely on the basis of “bits and 
pieces” as each professor goes after a 
relatively small research contract. There 
must, of course, be no interference with 
the right of the professor to do exactly 
this if he so desires, but this is not 
enough. There must also be opportuni- 
ties for the professor and his students to 
work in fields where large expenditures 
over relatively long periods of time are 
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required. To make this possible, admin- 
istrative assistance and leadership is re- 
quired. 

At the same time these larger sums 
will have to come on a “grant” basis 
rather than on the basis of a contract to 
complete a specific job. The research for 
which universities are best qualified and 
in which they contribute the most is not 
usually tied to a specific end product. 
Rather it is research work in which imag- 
inative and creative individuals are ex- 
ploring new ideas, looking for new knowIl- 
edge, and inquiring into the nature of 
things. The “grant” provides a basis for 
supporting capable people. This applies 
to both small and large expenditures, but 
as the research becomes bigger and ex- 
tends over longer periods of time, and as 
attempts to define an end product, be- 
come more futile, the necessity for a grant 
type of financing becomes more obvious. 

Instead of an end product, one is con- 
cerned with the development of a pro- 
gram. It’s a question of how the money 
is to be spent in opening up new fields of 
investigation, and it may be years before 
the new equipment and facilities can be 
come effective. The granting agency, 
whether it be industrial, governmental, o1 
a foundation, cannot ask for an end prod- 
uct, but they will nevertheless want to be 
as sure as they can that they are putting 
this money in the best place possible. 
They will want to be convinced that in 
terms of dollars spent, the contribution to 
fundamental knowledge of science and 
engineering will be as large as possible. 

There is therefore a new premium on 
being able to think in terms of broad pro- 
grams extending over periods of years 
rather than in terms of specific projects 
extending over perhaps a number of 
months. To plan a program over a pe 
riod of, say. five years requires vision, 
imagination, and enthusiasm on the part 
of the faculty members involved. The 
ability of university faculties to make 
such relatively long-range plans will have 
a great deal to do with the future vitality 
of their graduate education and research. 

It goes without saying that graduate 
education and research go hand in hand. 
This is one of the reasons why research 


at a university may be expected to be of 
a more fundamental character than that 
at a research institute, or in an industrial 
or government laboratory, or even in a 
national laboratory. Experience in the 
development of new knowledge provides 
the finest education for later work in the 
scientific and engineering fields. Further- 
more, the younger minds are most fre- 
quently able to make the most original, 
unique, and creative contributions. The 
young fellows have not yet been around 
long enough to learn all the reasons why 
things cannot be done. 

In addition to the continuation of grad 


uate research and education on an indi 


vidual basis, supported by relatively short 
term contracts or grants, a broader pat 
tern is emerging. Areas of investigation 
will be interdisciplinary and interdepart 
mental, they will be bigger and broader, 
they will be supported by grants, they 
will be planned far ahead, and they will 
continue to involve graduate students 
working under the leadership of profes- 


sors. 


A Set of Questions 


This new pattern poses immediately a 
spec ial set of questions: W ho selects these 
broad areas of investigation? Are thev to 
be dictated by the administration? Are 
they to be selected by faculty commit 
tees? Are there to be many of them or 
but a few? Or are they to be the ones 
for which funds appear to be available? 
In the answers to these questions, admin 
istrative leadership will be tested. A co 
operative program administratively o 
ganized about some attractive area just 
for the sake of the cooperation is likely to 
get nowhere. 

The selection ot these broad areas ot 
investigation must instead be on the basis 
of the experience, competence, and en 
thusiasms of the faculty In fact, the 
whole idea is to make it possible for com 
petent individuals to pursue their re 
search interests in cooperation with their 
graduate students. But in these broad 
areas it becomes a question of identify 
ing mutual interests among different indi 
viduals which can serve as the basis for 


their collaboration. For this, administra 
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tive leadership is required. This does not 
mean telling the faculty the kind of re- 
search upon which they should work. On 
the contrary, the problem is to provide an 
administrative climate in which individ- 
uals with mutual interests will feel that it 
is worthwhile for them to get together 
and to find means to collaborate on re 
search programs which none could suc 
cessfully carry out on an individual basis. 
There must be an administrative mechan 
ism which will provide a hearing for such 
ventures, and the promise of support, 
even though the program does not fall 
within any existing department, and even 
though it may involve major commit- 
ments of facilities and space. 

To make these points more clear, | 
shall select a particular example, a sort of 
Exhibit A, based directly upon the ex 
perience which we have had at Purdue 
during recent years in planning and or- 
ganizing a program of graduate educa- 
tion and research in the materials  sci- 
ences. During the last two years it was 
given special impetus by the invitation 
from the Advanced Research Projects 
Agency to submit proposals for large 
scale financial assistance in the develop 
ment of interdisciplinary laboratories in 
the materials sciences. We were one of 
the universities which submitted propos 
als. They incorporate the essential fea 
tures of the program which we have thus 
far developed. 

The first job, in the development of 
this program was to clearly identify the 
areas of mutual interest. The study of 
materials covers a great deal of territory. 
rhere was a strong interest in many dif 
ferent kinds of research involving mate 
rials, but the particular areas which could 
serve as a basis for program planning had 
to be more precisely defined. 

We gradually closed in on this prob 
lem. The president of the university 
asked me to serve as ¢ hairman of a Com 
mittee on Interdisciplinary Research in 
physical sciences and engineering. Mem 
bership consisted of the heads of the de 
partments of physics and chemistry, the 
schools of engineering, and a representa 
tive of the dean of the graduate school 
We undertook at the outset to list all of 
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the materials-sciences fields in which 
work was already under way, and in 
which members of the faculty had ex- 
pressed interest, and to determine which 
seemed the most susceptible to further 
development. These fields included, for 
example, structure of solids, high tem- 
perature materials, surface phenomena, 
metallurgy, etc. Around each of these 
areas, we asked selected faculty members 
from different departments to meet to ad- 
vise this interdisciplinary committee on 
whether or not the particular area under 
consideration was one of real mutual in- 
terest; if so, to define it properly, and to 
indicate the amount of work now under 
way and what their recommendations 
would be for work in the future. Each of 
these areas was then reviewed by the 
committee to see which ones seemed to 
be best thought through, which were 
most strongly grounded in existing com- 
petence and experience, and which 
seemed to have the most realistic and 
substantial plans. In going over the ma- 
terial that was prepared, it was clear that 
it is far easier to describe work already 
done, or under way, than it is to project 
these programs into the future and to 
give some reasonable indication of how 
the graduate research and education ac- 
tivities of the faculty and students in- 
volved may be expected to develop over 
a five-year period. 

On the basis of this screening, five par- 
ticular areas were selected to serve as the 
current basis for our interdisciplinary and 
interdepartmental program in the mate- 
rials sciences. These areas were solid 
state physics, high temperature materials, 
metallurgy, chemistry, and thermophysi- 
cal properties of materials. These are ob- 
viously not mutually exclusive but they 
are based on the actual programs of grad- 
uate research and education already well 
established. Each of these areas has been 
described in detail in terms of the spe- 
cific kinds of resesearch being done at 
the present time. For example, in the 
chemistry area we are emphasizing: (1 
research in the preparation, identifica- 
tion, analysis and characterization of solid 


) 


inorganic compounds; (4) research in 


the synthesis, and properties of polymers, 
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organic, inorganic and mixed; (3) eluci- 
dation of fundamental electronic prop- 
erties which govern the behavior of 
atoms, molecules and solids; and (4) re- 
search and accumulated competence in 
analytical methods, both chemical and 
instrumental. 

Each of the five areas is further de- 
scribed in terms of the kinds of investiga- 
tions anticipated over approximately the 
next five years. Each is described in 
terms of the numbers of faculty and stu- 
dents presently involved and the way in 
which these numbers may expect to 
change over the five-year period. The 
growth in numbers of the graduate de- 
grees in these areas is estimated together 
with the increased requirements for op- 
erating funds, new equipment, and new 
building space. 

This gives us a package in the materials 
sciences based upon the desires, enthusi- 
asms, and present competence of the fac- 
ulty, consistent with overall university 
objectives, and usable to solicit funds for 
long-term support. We have laid the 
groundwork for an interdisciplinary pro- 
gram in materials which we expect to 
follow regardless of the extent of support 
which we receive from ARPA. If we are 
successful in obtaining substantial finan- 
cial support rapidly, the program will 
move more quickly, but we expect it to 
move in any case. In fact it already is 
moving at a substantial rate because of 
the impetus given to it on a departmental 
basis. 
der study and on which proposals were 
submitted to the interdisciplinary com- 
mittee, but not included in the proposal 
to ARPA, 


More of them are expected to become 


Furthermore, the other areas un- 


are still under consideration. 


segments of this overall materials science 
program as time goes on. 

Thus far I have made no mention as to 
how we tried to solve the problem which 
I emphasized at the outset: how best to 
work together on an interdepartmental 
basis. 


The Interdepartmental Basis 


Some consideration was given to the 
possibility of setting up a whole new De- 
partment of Materials Sciences in which 


there would be individuals recruited to it 
from the departments of physics, chem- 
istry, metallurgical engineering, and so 
on. We rejected this however as not com- 
ing to grips with the real problem. The 
need for collaboration and cooperation 
across interdepartmental lines would cer- 
tainly remain. 

We recognized that the existing ad- 
ministrative channels to the various 
schools and departments have a great 
deal to do with the orderly management 
of the University. We adopted there 
fore, the important principle that these 
administrative channels should 
intact for such matters as the expendi 
ture of funds and the allocation of space 


remain 


But to bring about the necessary coop 
eration in joint planning between differ 
ent departments in the materials-sciences 
fields, another type of 
would overlap several departments was 


structure that 


created. 

Specifically, we have created in this 
particular instance what we refer to as a 
Materials Research Council. The chair- 
man of this council is a man chosen be 
cause of the breadth of his experience 
and interest in the materials-science field 
He happens to be Professor Reinhardt 
Schuhmann, head of the School of Metal- 
lurgical Engineering. Members of the 
Materials Research Council include a pro 
fessor of physics, a professor of chemistry, 
a professor of engineering science and a 
professor of metallurgical engineering 

In his capacity as chairman of the 
Materials 
Schuhmann reports directly to the Presi 


Research Council, Professor 
dent of the University, while continuing 
to report to the dean of the schools of 
engineering, in his capacity as a depart 
ment head. The council will stimulate 
as well as receive interdisciplinary pro 
posals for graduate research and educa 
tion problems in materials sciences. It 
will evaluate such proposals as to the 
character of the research involved and 
their educational value. The council will 
assist in identifying possible sources of 
financial support. When space, facilities, 
and equipment available fon 
these projects, the council will make ree 


bec ome 


ommendations to the president regarding 
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the disposition of these resources through 
normal departmental channels. This will 
preserve the present administrative ma- 
chinery for the allocation of funds and 
space, but it will give guidance to the de- 
partment heads as to how such funds may 
be pooled for the support of joint inter- 
departmental projects. 

Finally, this council will maintain liai- 
son with the dean of the graduate school 
in matters relating to the programs of 
graduate students. For example, stu- 
dents enrolled in a particular department 
can major in one of these interdisci- 
plinary areas under the guidance of his 
advisor from the particular department 
in which he is enrolled. We regard this 
relationship with the dean of the gradu- 
ate school as a highly essential part o! 
the plan in order that the research and 
educational programs may always be 
planned together. 

To carry these ideas further, the re- 
search activities associated with mate- 
rials science will be housed in a single 
building. This means that there will be 
a place where professors and students 
from different departments will have an 
opportunity to work side by side, using 
the same equipment, even though the ex 
penses to support this work are coming 
through different channels. 

We believe that this pattern for the 
materials sciences may also be suitable 
for other interdisciplinary and interde 
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partmental areas. There are many other 
possibilities such as those which I men- 
tioned at the outset. The building that 
we are planning is conceived of as a cen- 
ter not only for interdisciplinary activi- 
ties in the materials sciences but also for 
these other interdisciplinary areas as they 
develop. 

Although these administrative proce- 
dures are being formulated in the con- 
text of university graduate education and 
research, the same interdisciplinary prob- 
lems exist in other research organizations 
and, in fact, on a broader scale in the 
overall national and international plan- 
ning of research programs. Development 
of similar procedures in the administra- 
tion of internationally conceived pro- 
grams of research would aid in gaining 
effective use of laboratories located in 
different countries but having mutual in- 
terests. 

A pattern of international committees, 
operating in a fashion similar to the Ma- 
terials Research Council, and making rec- 
ommendations to the proper authorities 
in these countries as to the disposition 
of certain earmarked funds for joint proj- 
ects could be developed. This would help 
to avoid some of the current duplication 
of efforts in the research areas that are at 
present fashionable, and would make it 
possible for the overall research and de- 
velopment efforts of the free world to ad- 
vance more rapidly. 


RESEARCH PARK AT MISSOURI 


The University of Missouri Board of Curators has approved a plan to develop 
as a University Research Park the 84-acre tract south of Columbia chosen for the 
site of the University’s proposed teaching and research nuclear reactor. 


The plan calls for development of the tract to make sites available for approxi- 


mately 15 University, government, and 


industrial research laboratories for which 


such centralized sites close to the University and its present research and teaching 
facilities might be desirable. The sites will vary in size from three to eleven acres. 


The first and major research facility on the site will be the 10-megawatt teaching 
and research reactor, on which construction is scheduled to start in the fall of 1962, 


and which is expected to be completed in the spring of 1964 





Motion Pictures for the Engineering Sciences 


ASCHER H. SHAPIRO 


Professor of Mechanical Engineering, 
Massachusetts Institute of Technology 


Motion pictures at the university level 
may be of two quite distinct types. One 
is a record on film of a series of lectures 
in which the entire content of a course is 
unfolded. It does the job which the 
teacher might normally do. Our concern 
here is exclusively with the second type: 
a film based on demonstration experi- 
ments, which does not replace the 
teacher, but which rather adds to the ed 
ucational experience an ingredient which 
could not be present—at least not eco 
nomically—through other means. 


Why Films Are Needed 

The ferment of change visible every 
where in engineering education is a re 
sponse to new needs created by the ac 
celerated tempo of technological change 
The most characteristic trend in engineer- 
ing education is a greater concentration 
on those more enduring collections of 
knowledge described as the engineering 
sciences: mechanics, electrodynamics, 
thermodynamics, fluid dynamics, systems 
analysis, materials, transport processes 
and others. 

As engineering curricula move toward 
deeper and broader foundations in the 
engineering sciences, they deal with an 
ever more complex variety of physical 
phenomena. While these phenomena are 
tangible and concrete, 
treatment increasingly stresses the gen 
eral and the abstract, and necessarily so, 
if the student is to be equipped with the 
powerful methods which he now needs 
In attempting to relate a blackboard pres- 
entation of symbols and words to the 
world of reality, the instructor usually 


our classroom 


174 


resorts to inarticulate handwaving and 
to sketches which, to be generous, are 
less than adequate. The gap in the stu 
dent’s outlook and pain 
fully evident. He is handicapped in gain 
ing that intuitive grasp of subject matter, 
and that appreciation of the relationship 
between real events and the treatment of 
models, which are all-important in mak 


ing practical use of theoretical knowl 


experience 1s 


edge. 
This, then, is the problem: At 
when experimental illustrations have be 


a time 


come more necessary than ever because 
of the complexity and abstract nature of 
the subject matter, there are a number of 
valid why teachers are unable 
to provide them for their students. While 
the 


where visible on 


reasons 


subject content every 
the educational 
the future of 


very 


changes in 
scene 
are most encouraging for 
engineering education, there is 
real danger that the educational outcome 
of these potentially powerful new cm 
ricula will often be 
are adequately supported by physical ex 


sterile unless the. 


periments. This situation prevails in al! 
the engineering sciences, but fluid me 
chanics prov ides as good an example as 
any of the problems we face, and so it 
forms the basis of discussion in what fol 


lows. 


If the student could spend enough 
time in the laboratory, the problem would 
be solved. the competitive 
pressures within the curriculum ere such 
that what limited time can be made avail 
able for laboratory must be used for 
showing students what laboratories are 


However, 


really for: to expand knowledge, to help 
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solve new problems that cannot be solved 
without experimentation, to stimulate 
new theoretical formulations. Experi- 
mental demonstrations, which until re- 
cently have been a job of the laboratory, 
must now be thought of as mainly a class 
room responsibility. 


The obvious solution would appear to 
lie with demonstration apparatus brought 
into the classroom. But there are prac 
tical difficulties which make this proce 
dure both costly and administrativel) 
troublesome, except where very large 
numbers of students are involved, as in 
the demonstration lectures familiar to 
mass-scale elementary courses in physics 
and chemistry. To design portable dem 
onstration apparatus that makes a point 
simply and clearly, and which is easil\ 
visible from every seat in a room, is dif- 
ficult and expensive. The problems of de 
sign are made even stiffer by the require 
ment that the experiment work with a 
minimum of fiddling, waste time, and ex 
cuses, a'task whose difficulty any experi 
mentalist will recognize. The apparatus 
must be stored and kept in good condi- 
tion from year to year. Time—often a 
great deal of time—is required to make 
ready the experiments for a_ particular 
lecture. And finally, desirable equipment 
may be too complicated or too large to 
be brought into the classroom. These 
points may sound trivial, but the frustrat 
ing experiences of many teachers in at 
tempting to use demonstration apparatus 
in engineering science courses have made 
it clear that extensive use of demonstra 
tion apparatus is unexpectedly costly 
both in initial investment and in yearly 
operation. 


Preliminary Experience with Films 


Impressive evidence now indicates that 
the problems of demonstrating experi 
ments to classes can be solved in a most 
effective manner by recording the experi 
ments once and for all on film. With the 
film one can offer an unsurpassed view of 
an experiment: closeups, long shots, views 


from every angle, slow motion, anima 


tion, all these help the viewer to grasp 
the situation completely and easily and 
to have a feeling of close presence which 


MOTION PICTURES FOR ENGINEERING SCIENCES 475 


more than makes up for the loss of plas- 
tic quality of the experiment in vivo. Ex- 
periments may be recorded which for one 
reason or another could never be ob- 
served in the classroom. The design and 
construction of apparatus is best junked, 
thus disposing of the problems of stor- 
age space, of maintenance, and of ready- 
ing the apparatus. The film is easily 
filed, it is always ready for showing, and 
the experiments can be demonstrated 
without fumbling or lost time. 

Since a film might be used in several 
hundred schools and industrial organiza- 
tions, one may perform § experiments 
which would be too expensive for any 
single institution. Moreover, one may 
bring the staff and students of every en- 
gineering school, large and small, into 
contact with the minds and points of 
view of the leading figures in the engi- 
neering sciences. 

The type of film discussed here in no 
way supplants the teacher, nor does it do 
things which the teacher might normally 
do. The purpose of the demonstration- 
experiment film is to bring into the class- 
room an educational experience which is 
now lacking. However, the adoption of 
films on a wide scale may well require in 
the long run a reorientation of the rela 
tionships between teachers, textbooks 
and films. 

Neither is the demonstration-experi 
ment film intended to jeopardize or re- 
place the student's direct personal experi- 
ence in the laboratory. If anything, plac- 
ing responsibility for demonstrations in 
the classroom will help to further the 
laboratory's goal of developing in the stu 
dent an appreciation of how new infor- 
mation is obtained through experimental 


resear®r¢ h. 


The history of the present effort be 
gins with production in 1959 of an ele- 
mentary two-hour film in four parts, 
“The Fluid Dynamics of Drag.” This 
film deals with subject matter treated in 
third-vear or fourth-vear college courses 
the basic concepts and principles of fluid 
mechanics, and the drag of bodies of dif- 
ferent shapes in fluids of greatly varying 
viscosity and density. The suitability of 
this film for college use was to a degree 
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compromised by the fact that its plan 
and its pace were so modified that it 
would be valuable also to an interested 
high school audience. In this sense it 
was only a precursor to what might be 
accomplished at the college level. Nev 
ertheless, “The Fluid Dynamics of Drag” 
has received a most favorable response 
from colleges, and is now in wide use. 

With this encouragement, and with 
the eye-opening experience of what 
could be accomplished with films, a sec 
ond film, “Vorticity,” was produced. This 
film, more directly focused at the college 
level, is built around a series of experi 
ments which illustrate the concepts of 
vorticity and circulation and provide ex 
amples of Kelvin’s Theorem and Helm 
holtz’s Vortex Laws. 

At a Conference on Instruction in Fluid 
Mechanics sponsored by the National 
Science Foundation in September 1960, 
demonstration-experiment films were dis- 
cussed, and “The Fluid Dynamics of 
Drag” was shown as a suggestion of what 
was possible. The Conference adopted 
a resolution endorsing the need for and 
the value of experimental films in fluid 
mechanics, and recommending that steps 
be taken to produce an extensive series of 
films under the guidance of a national ad 
visory board. 


Some Problems of Film Production 


Experience has shown that professional 
production is essential to the making of 
films of first quality. The resulting pro 
duction cost comes to about one thousand 
dollars per minute of running time of the 
finished film. 
who is responsible for the conception of 
the film and for the creation of apparatus, 
and who is most likely the principal in 
the film, has to spend the equivalent of 
perhaps two months of full-time effort 
for a thirty-minute film and the accom- 
panying written text. Altogether, a half 
hour film requires about $40,000 for the 
construction of apparatus, for the services 
of the principal, and for studio and lab 
oratory production costs. 


The engineer or scientist 


This is a large sum. But if it is divided 
by 200 as a reasonable estimate of the 
number of institutions (college, industry, 
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and government) which might use a film, 
the cost comes to $200 per institution 
This is actually a modest sum for the 
amount of educational made 
available for a period of five or ten years 
It is less by a factor of the order of one 
hundred than the cost of building dem 
onstration apparatus in each school. 


content 


If films were adopted widely enoug 
they might be made and distributed com 
mercially in much the same way as text 
books. But this kind of reasoning is pre 
mature. Until a large capital sum has 
been laid out in the production of many 
films, it will be impossible to bring into 
being the large potential audience, nor 
will it be possible to establish the crucial 
point: whether educational motion pic 
tures can achieve the high degree of a 
ceptance necessary if they are to occup 
the role now thought possible for them 


Under such circumstances, there is no 
hope of producing films with commercial 
backing. 
clearly was necessary for the production 
of a substantial number of films and for 
wide trial distribution. 


To move ahead, subsidization 


The National Committee for 
Fluid Mechanics Films 


Clearly the program must be a national 
one. The need is national, and_ the 
hoped-for result is national. The amount 
of financial support requested acquires 
proportion only if measured by the pos 
sibility of 
sector of engineering education extended 


a major improvement in one 


over all the schools of the nation and ex 
erting an influence for many vears. Mak 
mea series of films SO good as to pene 
trate the initial apathy toward anything 
new will require the time, energy, and 
enthusiasm of many individuals drawn 
from schools and institutions evervwhere 

In December 1960 the National Com 
mittee for Fluid Mechanics Films 
(NCFMF) constituted itself for the pm 
pose of promoting the development and 
use of demonstration-experiment films in 
The breadth of its rep 
resentation, both geographically and_ in 


fluid mechanics 


technical interests, may be seen from the 
roster of members (Appendix A 
The NCFMF requested support from 





Mar, 1962 


the National Science Foundation for the 
production of some twenty-five films in 
fluid mechanics over a period of three 
years, and proposed to undertake the fol 
lowing responsibilities: 

1. To plan the program as a whole. 

2. To delegate responsibility for the 
making of individual films and to main 
tain standards of quality. 

3. To delegate responsibility for the 
preparation of accompanying text ma 
terial, having the character of “the film 
in print.” 

4. To supply with materials a coop 
erating group of some twenty schools as a 
means for determining the effectiveness of 
the program and for making appropriate 
modifications. 

5. To inform teachers, schools, and 
industries of the program by means of 
mailings, screenings, conferences, and 
visits; and to encourage trial use of film 
by maintaining a library of prints for 
loan. 

The National Science Foundation has 
made a grant for the first vear of activ 
ity, with Educational Services Incorpor 
ated! acting as contracting agent on be 
half of the NCFMF. Thus this exciting 
new development In engineering educa 
tion is under way. It is one requiring 
much in the way of intellectual resources 
and energy, and the NCFMF will be 


‘Educational Services Incorporated is a 
nonprofit organization which provides facili 
ties and administrative assistance for research 
and development projects in the field of edu 
cation 
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grateful for the cooperation and _assist- 
ance of teachers throughout the country. 

Further information regarding the pro 
gram and films of the National Commit- 
tee for Fluid Mechanics Films may be 
obtained from the News Letters of the 
Committee, obtainable from Educational 
Services Incorporated, 47 Galen St., Wa- 
tertown, Mass. 


APPENDIX A 
Members of the 
National Committee for Fluid Mechanics 
Films 
Arthur E. Bryson 
Professor of Mechanical Engineering 
Harvard University 


Donald Coles 
Associate Professor of Aeronautics 
California Institute of Te hnology 


Stanley Corrsin 
Professor of Fluid Mech nics 
The Johns Hopkins University 


Dave Fultz 
Professor of Meteorology 
University of Chicago 


Robert A. Gross 
Professor of Engineering Science 
Columbia University 


Stephen J. Kline 
Professor of Mechanical Engineering 
Stanford University 


Walter L. Moore 
Chairman, Department of Civil Engineering 
The [ niversity of Texas 


Ascher H. Shapiro, Chairman 

Professor of Mechanical Engineering 

Massachusetts Institute of Technology 

Hsuan Yeh 

Director, Towne School of Civil and 
Mechanical Engineering 

University of Pennsylvania 


COMPUTER GRANT TO WAYNE U. 


[he Wayne State University Board of Governors has announced the acceptance 
of a $250,000 grant from the National Science Foundation for expansion of the 


University’s Computing Center. 


To provide appropriate and adequate space for the new electronic equipment 
and associated research work, the Computing Center will be moved to new head- 
quarters in the Woodward section of the University’s administrative services building 
next spring. The new quarters will provide consolidation of activities presently 


dispersed around the campus. 








Industry and the Technical Institute Graduate 


A Report of the Relations with Industry Committee of the Technical 
Institute Division 


H. E. McCALLICK 


Chairman, RWI Committee of the Technical Institute 


Executive Vice-president, 
Capitol Radio Engineering Institut 


The objective of the Technical Insti 
tute Division again this year has been to 
direct a concentrated effort toward the 
promotion of a better understanding of 
the technical institute graduate by high 
school students, counselors, and parents. 
With this overall theme in mind, the 
Technical Institute Division’s Relations 
with Industry (TI-RWI) Committee con 
tinued its second year to serve its spe 
cific function by directing its efforts 
through industry to the high school, the 
junior high school counselor, other sec 
ondary school people, parents, and in 
directly—the students. 

The function of the TI-RWI Commit 
tee members is to promote and help de 
velop an interest on the part of the in 
dividual companies to plan, organize, 
and conduct a series of suitable pro 
grams, using existing local or 
organizations to implement this purpose. 
In essence, the objective is to provide a 
better understanding of the technical in- 
stitute graduate—how educated 
how he is employed, the degree of utili 
zation in the several technical areas of 
employment at a particular company or 
companies, the projected growth of the 
technical institute graduate in industry— 
and to focus attention on the increasing 
industrial demand for his services. 


regional 


he is 


Again, the most significant aspect of 


178 


Division; 


these programs has been that they were 
organized by industry to meet a 
The struc 


ex 


pressed and recognized need 
ture of the programs was such that the 


speakers and active participants were 
industrial representatives; that is, the 
employer or prospective employer, rathe1 
than the educator. Although the pro 


grams were directed specifically to guid 


ance counselors other people such as 


parents, and industrial representatives 


invited to listen to what the em 


were 
plovei had to say about the field of 
technical institute education and _ its 


products 


To provide a wide base, the members 
of the TI-RWI Committee were encour 
aged to invite participation, as consult 


ants, of representatives from other tech 


nical institutes in the local or regional 
area wheneve! such a program was 
planned. It was our hope that in this 


manner the technical institute representa 
tives not only could participate but also 
back to thei 
stitutions the concept of these programs 
and then there 
This hope several 
times over and the concept of these pro 


could carry respective in 


organize similar ones 


has been realized 

grams is spreading. 
Altogether, 16 

were planned, organized, and conducted 


some such programs 


in the past year. Attendance has varied 
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from 35 individuals who attended one to 
450 who attended another. Geograph- 
ically, such programs have been con- 
ducted across the country. In general, the 
procedures for program development 
have been similar and the format has 
been the same, although 
adapted to local needs and available or 
ganizational resources. 


necessarily 


Organizing a Program 

Although there has been some varia- 
tion, the several steps attendant to the 
organization and promotion of these pro 
grams have been as follows: 

1. A discussion with the existing or 
ganization or company management to 
determine the degree of use of the tech 
nical institute graduates. 

2. The development of the proper 
liaison with the public school superin 
tendent and/or the director of guidance, 
and a discussion of the proposed pro 
gram. 

3. Mailing of invitations, on company 
stationery, to guidance counselors, out- 
lining the program, including a list of 
speakers. 

4. The development of direct partici- 
pation by representatives of other tech 
nical institutes in the local or regional 
area. 

5. The development of adequate fol 
low-up to remind the participants of the 
program and to evaluate the results. 


INDUSTRY AND TECHNICAL 


INSTITUTE GRADUATE AT9 
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AUBURN ADDS M.E. DOCTORATE 


The Graduate School of Auburn University is to expand its engineering curricula 
to include a doctoral program in the department of mechanical engineering. Work 
leading to the degree was offered for the first time in the winter quarter of 1962. 





Ethics for Chemical Engineering Teachers 


C. FRED GURNHAM 


Professor of Civil and 
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The title of this essay is not intended 
to imply that chemical engineering teach- 
ers should subscribe to some unique code 
of ethics; or even that chemical engineer 
ing teachers differ in their ethical prac- 
tices from other chemical engineers or 
other teachers. Instead it is a recognition 
that this group, like any other group, 
has its particular interests and activities, 
and so differs from other groups in its 
relationship to a broad and general code 
that covers all engineers, all teachers, or 
even all civilized people. 

The very broadest code of ethics, for 
all Christian people, has been laid down 
in the Golden Rule and the Ten Com- 
mandments. Other religious faiths have 
corresponding statements, generally simi- 
lar but not identical. Recognition of some 
such code, and an honest attempt at ad- 
herence to it, is one mark of a civilized 
person. Another mark is respect for the 
codes of other groups, although such re 
spect need not include approval and 
emulation in all details. 

But, in the complexities of modern 
civilization, these very broad ethical 
principles are not enough. Any _profes- 
sional man who takes his responsibilities 
seriously, be he in medicine, theology, 


An A.L.Ch.E. subcommittee, under 
the chairmanship of R. P. Dins- 
more, is preparing a commentary 
on ethics for the chemical engineer- 
ing profession. The first paper, for 
the teaching group, is published at 
this time to provoke discussion. 


law, engineering, or something else, we 
comes a specific code to cover his own 
area. The Canons of Ethics for Engineers 
prepared by Engineers’ Council for Pro 
fessional Development, present such a 
philosophy and_ principles. More spe 
cifically, the American Institute of Chem- 
ical Engineers publishes a code of ethics 
as a fundamental part (Article VIII) of 
its Constitution. 


All chemical engineers, including 


teachers, are expected to guide their pro 
fessional activities by these rules. In order 
to keep this code under continuing re 
view, to interpret and clarify it, and to 
prevent any tendency toward stagnation, 
A.I1.Ch.E.’s Professional Development 
Committee has established a special sub- 
committee on the Background of Profes 
sional Ethics, under the chairmanship of 
R. P. Dinsmore. The author has the spe 
cific assignment of “University Profes 
sors,” and will devote the remainder of 
this paper to that topic 
has been reviewed by the subcommittee, 


The manuscript 


but has not been formally approved. It is 
published here in hopes of provoking 
further discussion and criticism 


Special Features of Teaching 


Many professional codes, after general 
statements on integrity, justice, and cour 
tesy, are subdivided into such sections 
as relationship to the public, 
ployer or clients, to employees, and to 
fellow engineers. Perhaps a similar class 
ification or interpretation of the general 
codes is in order for teachers, particularly 


to the em 
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in this exploratory paper. Let us investi- 
gate the chemical engineering teacher's 
ethical relationships: to his students; to 
his department head, dean, and other of- 
ficers; to his teaching associates; to other 
engineers; to the public; and his ethical 
obligations as an individual. Some of 
these topics pertain to a broader base 
than chemical engineering teachers alone; 
such will be covered but briefly in hopes 
of inspiring further study and writing by 
those most interested. 


Relationships to Students 


The primary duty of teachers is to 
teach; hence the principal obligation of 
the teacher is to his students. This is quite 
apparent for the teacher who does noth 
ing else; it is just as true for those who 
engage in research, writing, administra- 
tion, consulting, or any of the other 
duties usually expected of good teachers. 
All of these are subordinate to the 
teacher’s responsibility to his students. 


The first responsibility to the students 
is to provide good teaching. Obviously 
the teacher should know his subject mat 
ter thoroughly, and he should use the 
most effective teaching techniques. He 
should keep up to date on chemical en 
gineering technology, and on pedagogy, 
by all possible means including reading, 
attendance at meetings, responsible con- 
sulting, and research. Each time the 
teacher meets his class, he should be as 
thoroughly prepared as_ possible—even 
prepared to handle the unexpected ques- 
tion or situation which he did not spe- 
cifically anticipate. Inadequate prepara- 
tion cannot long be concealed from the 
student, and is a disservice to him. 


A second obligation of the chemical 
engineering teacher to his students is 
the courtesy of sympathy. It is frequently 
the teacher’s duty to chastise his students 
for poor work by low test grades, failing 
term marks, or even expulsion from the 
university. Most students, even after 
severe discipline, are willing and eager 
to accept advice, even though this may 
be directed toward the student's future 
outside of engineering or away from fur- 
ther academic training. It is the teacher's 
duty to advise, to the best of his ability, 
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students who need minor discipline, or 
repetition of a course, or transfer to an- 
other field of study or to a job without 
further study. This form of sympathy 
and recognition of the student as a fellow 
human being, though possibly not as a 
future chemical engineer, may be par- 
ticularly difficult for the younger teach- 
ers who lack experience with other people 
and who are overly engrossed in the tech- 
nical aspects of their profession instead of 
the humanitarian. 

A necessary qualification of the chem- 
ical engineering teacher is the ability to 
make decisions, and to stand by them 
unless they are proved to be in error. In 
the American manner of education, the 
teacher must “grade” his students at reg- 
ular intervals, based on individual papers, 
recitations, assignments, and a cumula- 
tion of all these. Although the good 
teacher has some degree of personal re- 
lationship with each student, his grades 
must be as objective as he can honestly 
make them. The grades should not there- 
after be changed because of special 
pleading by the students, or for unre- 
lated circumstances. 


This is not to deny that a grade may 
be changed if the instructor has made 
an honest technical error. A mistake in 
grading, particularly if it applies to a 
large segment of the class, may call for 
an apology, and usually some correction 
of the grade. Both younger and older 
teachers may find this difficult: the 
younger because they are building their 
reputation and resent any admission of 
an error as a slur on their ability; the 
older because they have made most of 
the possible mistakes that can be made, 
and now hold themselves bevond the 
possibility of error. Fortunately, most 
teachers fall into neither of these cate- 
gories. 

To the best of his abilitv, the chemical 
engineering teacher should strive to im- 
part not only technical knowledge but 
also some concept of professionalism. 
The dignity and value of engineering, the 
competence and integrity necessary in 
those who practice it, and the obligations 
and duties associated with it: all these 
can be brought to the students’ attention. 
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Perhaps better than a formal lecture on 
the subject is the frequent and casual 
comment and, of course, the example. 
The implication here is that each in- 
structor should be thoroughly imbued 
with a truly professional attitude. 

In addition to the broad obligations 
listed above, the chemical engineering 
teacher owes special duties to particular 
groups. Graduate students, even though 
they are learning to be self-reliant, need 
advice on choice of courses, conduct of 
research, acquisition of equipment, 
preparation of seminars, and almost 
countless other topics. Seniors need guid- 
ance on the decision between graduate 
study or employment, and on individual 
opportunities within each category. The 
poorer students seek encouragement, or 
help in choosing an easier schedule, or 
even a different field of study. Personal 
advice cannot be forced on the students 
but it is often sought; it should be given 
honestly and respectfully. 

Such subjects as politics, religion, and 
race do not customarily belong in the en- 
gineering classroom. They may be dis- 
cussed with an individual student if they 
represent problems on which he is 
honestly seeking advice. The teacher, as 
a thinking individual, has the obligation 
to respect all sides of any many-sided 
question. 


Responsibilities to the University 

It is quite apparent that the chemical 
engineering teacher, like any other 
teacher, has a very considerable responsi- 
bility to the university, which provides 
his employment, furnishes his working 
facilities, and pays his salary. Some of 
the more tangible obligations are really 
responsibilities to the students, and have 
already been discussed. Also in the tan- 
gible class is the fairly general obligation 
to do more than teach: most teachers 
should also be active in reseaich, writ- 
ing, professional committee work, or per- 
haps all of these. Research should, when 
possible, be a balance of both funda- 
mental and applied. The teacher should 
also expect to attend seminars, to serve 
on university committees, and to study 
and discuss all of the usual academic 
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problems: courses, curriculum, student 
discipline, laboratories, and the hundred 
and one similar matters. A less tangible 
obligation is the requirement of loyalty 
to his university and to his department 
and college, and a reasonable amount 
of school spirit that is sincere though 
perhaps less uninhibited than that of his 
students. 


Life on the academic campus is gen- 
erally less rigorous than in an industrial 
organization. The department head, dean, 
and other administrative officers are not 
so much associates with 
lesser or greater degrees of authority 
Nevertheless this authority must be re- 
spected, and the teacher’s superior must 


“bosses” as 


be consulted and obeyed on all matters 
of administrative concern: office hours, 
contacts with individuals or 
tions outside the department, sharing of 
with faculty 
from the campus, consulting 


organiZa- 


facilities other members, 
absences 
work, political activities, and the like 
Perhaps some of these activities do not 
require approval by the administrative 
officer, but the courtesy of keeping him 


informed is certainly obligatory. 


Responsibilities to His Associates 


The chemical engineering teacher's 
responsibilities to his associates are more 
in the nature of courtesies than obliga 
tions. Thus he is not obliged to prepare 
a “guest lecture” for another's class, but 
it would be a strange and unsocial in 
structor who would not gladly do so 
Many academic problems can be solved, 
alleviated, by 
a department o1 


or at least discussions 
among the faculty of 
school. These problems include new or 
untried teaching techniques, research 
bottlenecks, criticism of papers, student 
discipline, student guidance 
other facets of academic life. The mature 
professor can be helpful to the younger 
in problems involving teaching and per 
sonalities; the younger can often be an 


and many 


inspiration to the older because of his 
enthusiasm, more recent technical train- 
ing, and spirit of venture. It is foolish 
(not to mention unprofessional) for either 
to deride or overlook these different at- 
tributes of the other. 
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Research and writing are best con- 
ducted in an atmosphere of encourage- 
ment. Only part of this can come from 
the university administration; each fac- 
ulty member has an obligation of this 
nature toward his professional associates. 


Responsibilities to Other Engineers 

All engineering codes of ethics include 
some discussion of the responsibilities of 
engineers to each other. The chemical] 
engineering teacher is not immune from 
these matters of mutual concern; perhaps 
it needs to be called to his attention that 
he has such an obligation. Most important 
is that he should join with nonteaching 
engineers in their societies and activities, 
in order that he may be conscious of him- 
self as a member of the profession, and 
that his fellow engineers may recognize 
his kinship and his differences. 


Certainly any American chemical en 


gineering teacher who takes his profes- 
sion seriously is a member of the Amen 
ican Institute of Chemical Engineers, 
and participates in its affairs as actively 
as time, finances, and his university will 
permit. Probably also he is similarly ac 
tive in the American Chemical Society, 
and most likely in the American Society 
for Engineering Education. Beyond these 
three basic associations, there are many 
others of specific interest. The teacher 
need not be merely a “joiner,” but he 
should participate with other engineers 
to a real degree. 

The teacher is no different from other 
chemical engineers in these responsi 
bilities, but perhaps needs special re 
minding of them lest he hold himself 
aloof from the nonacademic members of 
his profession. He has much to 6ffer 
them, and has much to gain for himself 
by stepping outside the cloistered walls 
occasionally. 


Responsibilities to the Public 


All chemical engineers have certain ob 
ligations to the public, the teacher per 
haps more so than the rest. The public 


holds the engineering teacher in high 
esteem and, rightly or wrongly, holds 
itself entitled to bring to him its ques 
tions on all sorts of personal and business 
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problems. Perhaps the teacher at a gov- 
ernment-supported school receives the 
larger number of these inquiries, but they 
come to all. Within reason, the teacher 
should try to be helpful, thus continuing 
his teaching duties beyond the class- 
room. He should be particularly assiduous 
in this activity when matters of public 
or private health and safety are involved, 
when representatives of government re- 
quest his technical advice, and when the 
press needs his engineering judgment. 
He should graciously refuse to answer 
questions that are not in his domain, or 
that are in areas in which he is not com- 
petent. He may reasonably excuse him- 
self from persistent inquirers who de- 
mand unusual efforts or time on his part, 
perhaps referring such inquirers to a 
regular consultant, perhaps even to him- 
self on a consulting basis. But it is his 
duty to be as helpful as he can without 
detracting from the obligations to his 
students and university, and without en- 
croaching on the domain of the profes- 
sional consultant. 


Obligations as an Individual 


The chemical engineering teacher has 
all the individual obligations of any re- 
sponsible citizen in the community. Per- 
haps he should feel this obligation more 
deeply than most men, because an edu- 
cator is looked up to as an example by 
his students, by other engineers, and by 
the public. His responsibilities in general 
are not different, but may be more 
significant. 


Responsibilities of Administrators 


The chemical engineering dean or de- 
partment head has a special set of re- 
sponsibilities to the faculty members 
under his jurisdiction. He must act as an 
administrator, just as the foreman or de- 
partment superintendent in industry; but 
he must keep in mind that he is dealing 
with a different type of person. It is often 
necessary to refuse a request, but it is 
usually desirable to explain the reasons 
for it if possible. The university professor 
is rarely satisfied with an unreasoned and 
arbitrary pointblank refusal. 


The administrator give advice 
ll Iministrator must giv lvi 
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and counsel to his faculty members, espe- 
cially to the younger individuals. He may 
suggest teaching techniques and advise 
on grading policies and discipline. He 
may appear to be arbitrary at times in 
assigning teaching and nonteaching 
duties, but it should be assumed that the 
overall good of the department and uni- 
versity is in his mind as well as the needs 
and desires of his faculty. Course con- 
tent, too, must often be defined rather 
closely, in order that the entire curricu- 
lum can be adequately integrated. Often 
such matters are debated by a faculty 
committee or by the whole faculty, yet 
final decisions must be made by an in 
dividual administrator. 

Despite the desirability of the admin- 
istrator’s advising his faculty, he must 
also leave them alone to the degree that 
they can develop responsibility and ini- 
tiative. To the greatest possible extent, 
the individual teacher should be free to 
plan his courses, choose his textbooks, 
schedule and formulate his quizzes, and 
calculate his own course grades. 


Conflicts 


Only the very simplest code of ethics, 
such as the Golden Rule standing alone 
can be fully free from conflicts of inte1 


pretation. When codes multiply and spe- 
cialize, increasing difficulties are inevit- 
able. In general, the more basic code 
takes precedence over the more spe- 
cialized; but each individual must study 
each problem situation as it arises, as 
honestly and as objectively 
The guidance of older engineers, of more 
experienced teachers, or even of official 
committees on ethics may be sought in 
particularly troubled cases. Journal ar- 
ticles on the subject of professional ethics 
should be required reading for all de- 


as he can. 


veloping engineering teachers, in order 
that they may better judge the relative 
importance of conflicting (or apparently 


conflicting ) codes 


Conclusion 

The chemical engineering teacher has 
the same ethical responsibilities as other 
chemical engineers, as other teachers, as 
other citizens. He has a few special added 
obligations peculiar to his profession, and 
he must bear in mind that he is con- 
stantly on display to the younger genera- 
tion as an example of true professional- 
ism. That most of our teachers meet these 
responsibilities with enthusiasm and 
pride is a tribute to them and to their 
profession. 


NEW INDUSTRIAL DESIGN PROGRAM AT STANFORD 


Stanford University has instituted a new five-vear program in industrial design. 


The new curriculum, which leads to a B.S. in engineering and an M.A 


in design, 


affords an opportunity to the student who possesses artistic as well as engineering apti- 


tudes. The curriculum includes courses in art, engineering. humanities 


behav 1O! il 


sciences, and a “core of courses” in industrial design. 


Those interested in further information will receive a brochure entitled “Indus- 
trial Design at Stanford” by writing Professor John E. Arnold, Design Division, Depart- 
ment of Mechanical Engineering, Stanford University, Stanford, California 




















Machine Information Retrieval—Boon or Bust 
in Solving the Communication Problem 
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Assistant Director for Technical Operations, Center for Documentation 
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Western Reserve University, Cleveland 6, Ohio 


How can machine information retrieval 
contribute to the solution of the com- 
munication problem of scientists and en- 
gineers? I would answer that question 
by saving, “Only as a last resort!” 

For scientists and engineers, the best 
communication of information is by word 
of mouth. All communication is eventual- 
ly from person to person and the more 
direct the transfer, the better 
munication. Some fields are new enough 
or narrow enough that the leading work- 
ers in the field feel they know person- 
ally all the other leading workers in the 
field and when any 
problem he talks it over with his col 
letter 
conversation, or formally at meetings and 


the com- 


one of them has a 


leagues, either informally by o! 
conferences. Perhaps such workers may 
safely take this stand. We may hope too 
that the younger workers entering these 
fields are taken into the inner circle and 
f all the 
work their predecessors are building on 

The best 
course, the written word 


are also informed personally « 


next communication is, ol 
If an engineer 
or scientist can personally subscribe to 
all reports, journals, proceedings, series, 
etc., that 
can find them on his desk as soon afte) 
publication to 


through the mail—and can find time to 


are relevant to his work and 


as they can get him 
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read them—and can know he is seeing 
everything he should see—then his com- 
munication with his field is still adequate 
and he needs no outside retrieval system 
or library to supply him with informa- 
tion. Of course, this engineer after he has 
read a document may toss it into a file 
drawer or a cardboard box, and some- 
times the information retrieval problem 
private becomes 
rather vexing. Is that report on so-and- 
so, with the blue cover, in that pile of 
stuff on the bookcase, or it the 
basement at home? 


in his own domain 


is in 

Lacking the time and the budget to 
acquire personally and peruse the litera- 
ture, the next best way scientists can be 
of communication with 
other is to have a marvelously efficient 
librarian. Such a librarian would devote 
his time to discovering all sources of 
literature, procuring that literature and 
reading it, with an understanding of the 
needs of each particular person using the 
library. Subsequently the librarian would 
call the attention to 
thing he should see—and in fact become 
the This librarian 
would also be able to keep track of all 
these documents and would be able to 
supply them instantaneously on demand 
at a later date. 


All methods for enabling 
engineer to communicate with his field 
are practiced today. And each one, pro- 
viding it does the job, is preferable to 
a depersonalized machine information 


assured each 


scientist's every- 


scientist's alter-ego. 


these an 
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retrieval system, for each utilizes the 
instantaneous knowledgeable response of 
humans in close rapport. 


But as the amount of knowledge to be 
communicated grows, the above methods 
tend to lead to compromises. New fields 
do not stay new for very long. Soon their 
literature burgeons to the point where 
the oldtimers begin to lose their grip on 
it. This has happened in the field of 
documentation, for example. The people 
who once felt assured that they per- 
sonally would be cognizant of every 
important contribution to their field, real- 
ize with annoyance that there are things 
going on that they don’t know about. 

The classic example of unawareness of 
the work of another comes from an 
age much simpler than ours. Mendel’s 
work was not known for years, presum- 
ably because Mendel himself was not 
known. His work was published by the 
Royal Society, listed in an author index 
in 1879, and was found only after the 
rediscovery of his laws and repetition of 
his experiments 35 years later by Vries, 
Correns and Tehermak. 

The engineer who thought he was on 
every mailing list he should be on, and 
was at least skimming every report and 
journal which came to him, finds by 
chance that a paper published in a 
journal not on his subscription list is 
one which he should have seen. Then he 
becomes uneasy and frustrated about the 
whole business of keeping informed. 

The librarian finds himself faced with 
a bewildering acquisitions task and a 
bewildering subject analysis task for 
which traditional library methods seem 
to be inadequate. The document that 
was tagged appropriate for Dr 
is also appropriate to the work of Dr. 
Smith—but for another reason. The 
printed indices to literature produced by 
the various information services offer a 
bewildering array of points of view and 
frames of reference—none of them quite 
right for the needs of his library. This 
is a frustrating experience for a good 
librarian who knows his job and_ his 
clientele, and yet cannot possibly hope 
to have the budget nor the time to do, by 
methods which were once adequate, the 


Jones 
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kind of job he would like to do. So the 
librarian lives in a state of compromis 
and _ frustration. 

Management can, of course, turn its 
back on the problem of information 1 
trieval. There is the story by now 
legendary, although it happens to be 
true—that an executive of a giant steel] 
company said that if a research project 
cost less than $100,000, it was cheaper 
to perform the experiment than to find 
out from the literature whether the work 
had already been done. However, man 
agement in general does not share this 
view. engineers 


man’s Scientists and 


working in a vacuum are not beneficial 
to the budget. Information also is needed 
for research decision making. 

The causes of all this uneasiness and 
frustration over communication in the 
scientific community can be traced to 
two phenomena. One is the information 
explosion. It is estimated that during 
every 60-second period—day and night 

-Saturdays and Sundays included 
2,000 pages of books, newspapers, o1 
reports are published somewhere in the 
world. If you attempted to keep fully 
informed on everything going on in the 
world—through reading—you would fall 
behind an estimated 1,051,200,000 pages 
for every solid year that you would de 
vote to reading. It is estimated that in 
the sciences alone, upward of 500,000 
original articles of more than casual im 
portance are published each year 


I am sure the proliferation of recorded 
knowledge will continue. No one predicts 
that it will diminish in the near future, 
although many people concerned with 
documentation and publishing dream of 
some sort of workable plan to exercis« 
control over the quality of 
material. However, here we get into a 
problem of morality and freedom that 
gives us pause. Some of the worst writ 


published 


ten papers have been the most important 
—and some papers which seem unim 
portant at the time of publication late: 
prove to be valuable. 


The second cause of frustration is the 


complexity of modern 
which cuts across the tradi 


ever-increasing 
technology 
tional divisions of fields of knowledge 
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Metallurgy and mechanical engineering 
come together in mechanical metallurgy. 
Medicine and statistics come together in 
biostatistics. Astronomy and _ physics 
come together in astrophysics. 

Searching for literature relevant to 
cross-disciplinary subject interests is ex- 
tremely difficult. In fact, vital informa- 
tion is often printed in such unlikely 
spots that it simply never comes to the 
attention of the person who could use it. 

To demonstrate the search which in- 
volves the scanning of many scattered 
publications, pertaining to several dis 
ciplines, the following is a good example. 
The search was for articles on powder 
metallurgy. It was performed by the 
American Society for Metals, Metals 
Documentation Service. This summary 
of the sources of references to the cu 
rent literature supplied over a six-month 
period was prepared by Mrs. Marjorie 
Hyslop, manager of the service. 


Powder Metallurgy 


Bi-Weekly Search — Six Month Period 


Total No. of Citations Retrieved 230 
Published in Review of 
Metal Literature 103 

In Section H on Powder 

Metallurgy 13 

In other Sections SO 


References from Fields 
Peripheral to Metallurgy 27 


Journal references $2 
Physics 6 
Chemistry 7 
Ceramics 4 


Nuclear science 
and engineering 7 


Miscellaneous 18 
Patents 13 
Other abstract services 72 


ASTIA Bulletin. 32 
Nuclear Science 
Abstracts 0 
Physics Abstracts 9 
Dissertation 
Abstracts ! 


Only when scientists and engineers, 
librarians, and management unanimously 
feel that the progress of their organiza 
tion is endangered by lack of information 
that not having the information they need 
is costing too much, and when they are 
emotionally receptive to the possibility 
that new tools might help, then is it time 
to consider carefully the possible ad 


vantages of machine information re- 
trieval, to appraise what it can do and 
what it can’t do. 


In a book entitled Certain Problems of 
Documentation and Mechanization of In- 
formation Search, published in Moscow 
in 1955, V. P. Cherenin predicted the fol- 
low Ing: 


All this leads to the thought that 
the time is not far when a new revolution 
will occur in the storage and dissemina- 
tion of data, similar to that which was 
produced by the invention of printing. 
It is difficult to guess how it wilt occur; 
nevertheless, by letting our imaginaton 
roam, it is possible to visualize the fol- 
lowing information service of the future 

All arriving and all existing data, 
after the necessary editorial processing 
and suitable exterior styling, are photo- 
graphed at a considerably reduced scale 
on photographic film. Instead of larg: 
runs, only several copies of such micro- 
film are produced and are sent to one 
or several information centers. These cen- 
ters transmit continuously over many 
waves all the data available in them at a 
tremendous sequence frequency of frames 
of microfilm, reaching, for example, a 
million per second. With such a trans- 
mission speed all data accumulated by 
humanity can be transmitted over many 
waves within a comparatively brief time 
interval — something like several min- 
utes. The scanning of the microfilm in 
front of the receiving equipment of the 
transmitter can be accomplished in this 
case without excessive wear, for example, 
by using a rotating drum. Any frame of 
the microfilm can be received in any 
place on a_ special television screen 
equipped with a selecting device. The 
screen should hold the image on the 
frame for the required time and _ then 
should be ready for a new reception, that 
is, it should play the role of a long-time 
multiple-use photographic plate. The se- 
lecting device — which acts in synchro- 
nism with the scanning of the microfilm 

permits the image to fall on the 
screen either depending on the prescribed 
number of frames or depending on the 
inquiry code used to search the data 
coinciding with a code representing the 
contents of the data recorded in the 
frame. The latter possibility would be 
particularly valuable, for it would permit 
simultaneous solution of the problem of 
dissemination and of the problem of rapid 
retrieval of the necessary data, as dis- 
cussed below. All the instructions, class- 
ification schemes, table of contents of the 
microfilm with indication of the number 
of frames, and code designation required 
for the use of such a televisor are trans- 
mitted at the start of the microfilm, there- 
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fore eliminating the need for using any 
kind of printed information. 

. . . It is difficult to overestimate the 
flexibility and effectiveness of such an 
imaginary method of storing and dis- 
seminating data. Undoubtedly such a 
method, or something analogous to it will 
turn out to be cheaper than the existing 
methods, when the volume of data will 
reach a definite limit. It goes without 
saying that, just as after the appearance 
of printing the handwritten form of re- 
cording still remained in use, the appear- 
ance of a similar information service will 
still find a part of the data stored as be- 
fore and disseminated in the form pres- 
ently in existence. Let us enaaik in 
conclusion that, in spite of the fact that 
the information service of the future de- 
scribed above is quite fantastic, all the 
technical units required for its realization 
are in existence at the present time and 
(are) being constantly improved. 


This is Cherenin’s prediction. Now add 
one more piece to this, for which the 
technology also exists. I do this fanci- 
fully, however. Suppose that in addition 
to writing a report or a paper a scientist 
would appear before a TV camera and 
a video tape would be made while he 
chats about what is in his mind in con- 
nection with his work, facts that he had 
written down. If such informal presenta- 
tions could accompany the more formal 
printed versions in the information re- 
trieval system, then the communication 
problem would have come full circle re- 
turning to that best of all communication, 
voice and gesture, as well as words. 


But now and seriously—can machine 
information retrieval, as it exists today 
and as it is reasonable to predict that it 
may advance to in the next five years, 
aid in solving the communication prob- 
lem among scientists and engineers? 

In any information retrieval system 
there are certain unit operations—and 
each of these unit operations can be 
performed to some degree either by 
people or by machines. The trick, of 
course, is to use people for what they 
do best and to use machines for what 
they do best, always considering the 
requirements of the system. These unit 
operations are (1) acquisition of material 
(or coverage of the literature), (2 
alysis of the subject content, (3) notation 
and/or coding, (4) storage, (5) searching 


an 


and (6) dissemination of documents or 
reporting of references. It will be help- 
ful to comment briefly on each of these 
unit operations to consider their prob- 
lems and to see how people and machines 
can be, and are being utilized in various 
ways to aid the individual scientist and 
librarian. 

First, let us look at three of the opera 
tions—coverage and storage of the litera 
ture and dissemination of 
and/or documents to those who need 
them. 


references 


It is economically impossible for an in- 
dividual organization to acquire all docu- 
ments of probable pertinent interest 
Since this is so, people turn to the various 
abstracting and 
identify the documents they might want 
to acquire. They find that there are 
many, many such services and that the 


indexing services to 


coverage of most of them is incomplete, 
and they find that it is difficult to decide 
which ones to use in order to be con 
fident of reasonably complete coverage 
New specialized services are continually 
springing up as the traditional lines of 
scientific fields break down to form new 
specialties. The trend, it would seem, is 
toward more and more special abstract 
ing services with abstracts being written 
from special points of view. 


However, there are now positive signs 
ot cooperation between these many serv 
ices. It may be that much of the job of 
using these information services can be 
delegated to machines. ( ooperation is in 
the air and to the extent that it can 
come about, the burden of the individual 
scientist and librarian in identifying 
documents to acquire for their own use 
will be eased. There may very well soon 
be a coordinated network of literature 
processing services which will either per 
form searches centrally or will distribute 
their processed files ready for machine 
searching to organizations who have 
equipment to perform their own searches 


At the last meeting of the National 
Federation of Science Abstracting and 
Indexing Services held in Cleveland 
March 1961, a very strong stand was 
taken on the necessity of cooperation 
One example of cooperation is an ar 
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rangement being negotiated by the Brit- 
ish Iron and Steel Institute and the Amer- 
ican Society for Metals for the exchange 
of abstracts to avoid duplicate processing 
of the same articles. Moreover, the BISI 
abstracts will be processed for the ma- 
chine retrieval system offered by the 
ASM. 

At present, the American Society for 
Metals, in addition to performing searches 
centrally, will lease magnetic tapes con- 
taining indexes to some 85,000 docu- 
ments in metallurgy and peripheral fields 
and will update them at the rate of ap- 
proximately 3,000 new references each 
month to any company who wishes to 
perform searches at its own installation. 

At the present time computer programs 
for searching these files are expensive to 
write. However, there is also talk of 
exchanging computer programs for litera- 
ture searching in somewhat the same way 
that programs are exchanged for various 
business data processing operations 

A recent survey made by the Center 
for Documentation and Communication 
Research shows that a number of in- 
formation services have plans for mechan- 
ization in the near future. In September 
1959, a conference, also held in Cleve- 
land, discussed standards of interchange- 
ability of machine readable material, a 
prerequisite to coordination of machine 
services. 

The storage problem is, of course, 
greatly facilitated by new machine de- 
velopments. The typing together of the 
document in a miniature reproducible 
form with the devices for retrieving it 
which Mr. Cherenin predicted, already 
exists in the Minicard System and the 
new commercially available IBM Walnut 
Svstem. There are also other develop- 
ments under way to achieve this more 
economically, for at present these sys- 
tems are tremendously expensive. Ab- 
stracts of documents can be duplicated 
by many different processes and dis- 
seminated in many different forms. | 
believe that the trend will be more and 
more toward central storage of original 
documents and the dissemination of 
copies and /or abstracts in easily storable 
form on demand to those who want them. 


Now let us speak for a moment about 
the other three unit operations of an 
information retrieval system—analysis of 
subject matter, notation, and searching. 
And let us consider them in reverse order. 


Searching 


Modern equipment, especially com- 
puters, can perform the repetitive opera- 
tions of scanning large files and selecting 
from them those items that meet certain 
specifications much faster and more ac- 
curately than can human beings. The 
larger the file and the more complex the 
specifications, the greater is the margin 
of economic advantage for the computer. 
This is the search—the page-turning as 
it were—and computers and other scan- 
ning and selecting devices with their 
capacity for total recall at high speed 
are ideal tools for the performance of 
the search. 

Now what are these machines search- 
ing? They are searching marks on tapes 
or holes in cards. In this connection it 
may be well to state that these marks are 
not information. R. A. Fairthorne of 
Great Britain’s Royal Aircraft Establish- 
ment, a pioneer in both computers and 
documentation, puts this very neatly, 
saving, “Computers cannot retrieve in- 
formation; all they can do is mess about 
with marks.” 


Notations 


The marks are codes which represent 
notations. The notations in turn may be 
natural language, subject headings, de- 
scriptors, key words, standardized ab- 
stracts, classifications, etc., in the form 
of letters, numbers or symbols. It doesn’t 
matter to the equipment what the nota- 
tion is or what it stands for. Certain 
forms of notation are, of course, more 
adaptable to certain kinds of systems and 
certain systems are adaptable to certain 
equipment. By way of brief explanation, 
machine systems, on the notation and 
coding level, can be divided basically 
into two types, document systems and 
aspect systems. In a document system 
every characteristic pertaining to a docu- 
ment is grouped together and forms a 
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unit with the document number. In an 
aspect system every characteristic noted 
in the file has a separate location and 
will form a unit along with every docu- 
ment number for which that character- 
istic has been noted. A simple example 
of a document system is a file of hand- 
sorted punched cards, each card contain- 
ing all the indexing for one document in 
the form of notches around the edges 
of the card. A simple example of the 
aspect system is a “uniterm” file where 
every uniterm is written on a separate 
card and the numbers of the documents 
containing each uniterm are posted on 
the appropriate card. Computers can be 
used with either system. 


Analysis of Subject 


The remaining unit operation is an- 
alysis of subject content. I have saved 
it till last because it is the most im- 
portant. No information retrieval system 
can be any better than the analysis of the 
documents put into it allows it to be. 
If machine information retrieval is to be 
a boon instead of a bust in aiding the 
solution of the communication problem, 
the analysis of subject content will have 
to provide adequate access to the litera- 
ture. Inadequate analysis results in one 
or both of the following disastrous con- 
sequences: either returning floods of ir- 
relevant material along with the relevant, 
or failing to identify relevant material. 

Computers can be used to do a lot of 
things with texts once the texts have been 
transcribed to marks on tape. Computers 
can identify, select, compare, count, sort, 
rearrange, and print out. They can make 
total concordances to texts by sorting 
each word alphabetically and listing it 
along with the words immediately pre 
ceding and/or following it. This pro- 
cedure is used on the titles to chemical 
articles to produce Chemical Abstracts’ 
KWIC (Key Words in Context) index, 
and will be used by Biological Abstracts 
to produce a similar service for biologists. 
Its name will be BASIC (Biological Ab- 
stracts’ Subjects in Context). Total con- 
cordances to literary works are being 
prepared by machine by a group at 
Cornell University. But total concord 





ances to titles cannot be used for re- 
trieving articles when the titles do not 
give enough of the important information 
in the article, and total concordances to 
entire articles are intended for literary 
and linguistic study, not for information 
retrieval. 

The use of computers for the analysis 
of texts is still in the experimental stage. 
The directions of this experimental work 
are toward automatic extracting of sen 
tences containing the most important 
words in a text to provide “abstracts” 
and toward normalization of the free 
natural language in texts to provide a 
more consistent “notation” for machine 
search so that texts can be their own 
indexes. 

Some of the more obvious difficulties 
in analysis or normalization of texts by 
machine for information retrieval are: 
(1) how to distinguish between an im 
portant and an unimportant mention ot 
a subject, (2) how to provide needed 
cross-references, the “see’s” and “see 
also’s.” Without these capabilities, if one 
uses full texts for the purpose of re 
trieval of documents by computer, one 
can only search them by the matching ot 
words or combinations of words specified 
in the search request with those identical 


ly contained in the text. This metho 
places too much responsibility on the 
questioner for it to succeed as an oper 
tional information retrieval system 


To store in a computer all the criteria 
which skilled people use in abstracting 
or indexing will require more sophisti 
cated technology and more understand 
ing of how people use language than we 
now have. Research in language analvsis 
by computer must, of course, be sup 
ported, but it is an enormously difficult 
field of endeavor and cannot yet offer 
anything as versatile or as inexpensive 
for information retrieval as analysis pro 
vided by skilled human beings. At pres 
ent, and probably for some time to come 
people will perform the analysis of docu 
ments for any operational information 
system. 

But with machines to exploit this an 
alysis, the analyst is given the opportunit: 
to analyze material to considerably more 
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depth than is convenient to handle in 
traditional library systems. Not only is he 
able to provide as many index entries, 
subject headings, key words or other 
forms of access to the document as he 
finds worthwhile for the retrieval re- 
quirements of his system, but he can also 
show the relationships between them, 
thus providing for elimination of irrel- 
evant items from answering a_ search. 
The ability to search by machine can 
facilitate the provision of generic and 
specific cross-references or thesaurus-type 
links. Exactly what depth of analysis is 
best for machine information retrieval 
systems is not possible to generalize. It 
may be that centralized services will find 
a certain degree of depth sufficient to 
satisfy the requirements expected of 
them, while various more specialized or 
“private” information systems will require 
a greater or lesser depth for their own 
private literature searching requirements. 

But the important thing is that ma 
chines give the possibility of very flexible 
and detailed subject analysis for later 
exploitation. 


Conclusion 


Assuming that machine information 
retrieval systems, after demonstrating 
their ability to perform, find acceptance 
and become a working tool of libraries 
and research groups, where does this 
leave the scientist and his communica 
tion problem? 

Obviously it does not help with per 
sonal communication except insofar as 
it can alert the scientist to the existence 
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of other workers in the field with whom 
he might want to meet. A good machine 
retrieval system, able to supply the sci- 
entist with all (though never quite only 
the documents it contains that he wants 
shortly after their publication, will have 
several very salutary effects. It will re- 
lieve the scientist of the gnawing fear 
that no matter how hard he tries on his 
own, he is not seeing everything he 
should. It will free the time he now 
spends searching on his own and _ not 
finding what he wants, thus enabling him 
to get on with his work with a clear 
conscience (and will even give him 
more time for personal communication). 
It will allow him to keep abreast of his 
field and continue his education. It will 
answer specific questions or it will allow 
him to browse in areas which he can 
define as broadly or narrowly as he 
chooses. 

Since I am addressing the American 
Society for Engineering Education Li- 
braries Group, | would like to close by 
saying that the field of mechanized in- 
formation retrieval is an area where edu- 
cation is badly needed. Librarians, sci- 
entists and engineers need to be educated 
as to what it is reasonable to expect of 
machine retrieval systems. Library ori- 
ented people should be trained to design 
systems which will make the best use of 
the new tools, and to administer and 
operate such systems. 

A major factor in the question of 
whether machine information retrieval 
will be a boon or bust in solving the 
communication problem is education. 


NEW PROGRAM AT MICHIGAN STATE OAKLAND 


Michigan State University Oakland is launching a new kind of science-engineering 
program in which majors in the various fields of engineering such as civil, chemical, 
or mechanical, have been abandoned in favor of emphasis on engineering’s funda- 
mentals—mathematics, chemistry and physics—together with engineering applications. 
The purpose 1s to give students the understandings needed to move in new directions, 
rather than training them in techniques that will be obsolete tomorrow. 





Another Look at Engineering Freshman 
Enrollments, Retention, and Degrees 


Donald S. Bridgman 


Freshman Enrollments 

Although engineering freshman enroll- 
ments have been practically unchanged 
at about 67,600 since the fall of 1959, 
their number in the fall of 1961 was 13 
per cent below the post-Korea peak in 
1957. Since 1959, however, first-time 
male enrollments in all curricula have in- 
creased over 20 per cent, and since 1957 
more than 30 per cent. Over the four 
year period, the ratio of engineering 
freshmen to all male college entrants has 
dropped from 17.7 per cent to 11.3 per 
cent. 

Small fluctuations in this engineering 
total have little significance since they are 
affected by changes in the classification 
of freshmen in individual institutions, by 
inclusion of figures from newly reporting 
institutions, and by the 
dency of students to enroll first in junior 
or liberal arts colleges with later transfe1 
to engineering. Such factors may influ- 
ence the number of subsequent graduates 
little or not at all. If, however, the ratio 
of engineering freshmen to all male en- 
trants had stabilized at 15 per cent, well 
below the peak figure of almost 18 pe 
cent, there would have been 20,000 more 
engineering freshmen this past fall. 


increased ten- 


Undoubtedly, the use of higher admis 
sion standards in the majority of engi- 
neering schools has been responsible for 
part of this difference and will result in 
graduates of higher quality. Selection of 
majors in science or mathematics rather 
than engineering contributed 
substantially to the decrease, but general 
figures are still lacking as to the extent of 
this shift. 


also has 
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In certain individual institutions its 
magnitude has been striking. Last fall, 
as part of its freshman enrollment sur 
vey, the Engineering Manpower Com 
mission received data from 46 institutions 
on both engineering and science fresh 
man enrollments 1960 1961. 
Final consideration of their returns, how- 


for and 
ever, appears to justify only the conclu 
sion that, in these institutions, such en 
rollments in both engineering and science 
increased slightly with little significant 
difference in the extent of the increase 
In considering other possible factors 
in the situation, it is worth recalling that 
from 1946 to 1950, as the proportion of 
World War II veterans, of them 


with technical experience, in succeeding 


many 


classes of male freshmen dropped from a 
high level to a far smaller one, the ratio 
of engineering freshmen to male entrants 
decreased steadily in about equal steps 
from 18.7 per cent to 10.7 per cent. Fol 
lowing the Korean conflict, the propor 
tion of veterans among college freshmen 
was much lower but the number enrolled 
under Public Law 550 reached a maxi 
mum of about 25 per cent of their total 
number in 1955 and dropped to less than 
5 per cent in 1959. The parallel situa 
tion seems to provide circumstantial evi 
dence that the diminishing number of 
veterans in these college freshman popu 
lations has been a significant factor in 
the reduced proportion of freshman engi 
neering enrollments. 

Another more general factor in the de 
creased proportion of engineering fresh 
men may be related to the character of 
V. 52, No. 8 
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the increments of non-veteran male 
freshmen between 1957 and 1961, when 
their total number increased from about 
370,000 to an estimated 570,000. The 
increased size of the 18-year-old age 
group from which a high proportion of 
these freshmen came accounted for about 
60 per cent of this increase, but the re- 
mainder seems due to the higher ratio of 
male college entrants to such 18 year 
olds, approximately 32 per cent and 39 
per cent in the two years. Without doubt, 
this increment represents in varying de- 
grees all levels of ability and academic 
interest. It is by no means certain that 
it represents the levels which meet the 
admission standards of the engineering 
schools as well as those which do not 
do SO. 

These considerations, however, do not 
alter the major fact challenging the engi- 
neering schools and the entire profes- 
sion: that engineering education and en 
gineering careers are failing to attract 
the proper share of the country’s youth 
with the intellectual ability and other 
qualities needed by the 
the nation. 


profession and 


Retention 


The following table shows the net rate 
of retention of engineering students in 
the several classes during recent pairs of 
successive vears. The net rate includes 
the effect of transfers into these schools 
from junior colleges or other curricula 
after the fall of the freshman year. Al- 


ACT 
Year Freshman Sophomore 
Sophomor Junior 
§§ Se 7 RQ 
56 to § 3 87 
57 to 58 68" 83° 
58 to 59 68 82% 
59 to 60 69°, 84°, 
60 to 61 72%, 84°) 
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though the increased rate of transfers 
to the engineering schools from other cur- 
ricula, reported for recent years by the 
U. S. Office of Education, undoubtedly 
has contributed to the decreased num- 
bers of freshmen, these transfers also be- 
come a more important factor in the cal- 
culation of net retention rates which in- 
clude them in the sophomore, junior and 
If transfers are excluded, 
the estimated cumulative retention rate 
for the 1960-61 interval becomes 43 per 
cent rather than 52 per cent. This would 
represent the number of students in the 
fall of the freshman year who would re- 


senior classes. 


ceive B.S. degrees in engineering if the 
rates characteristic of this interval con- 
tinued through their course. It is recog- 
nized that the estimated cumulative fig- 
ure is an artificial one in that it does not 
apply to any particular entering class. 
It does show, however, the graduation 
ratio which would occur if the rates in a 
given year continued for a four-year pe- 
riod, and the trend in this ratio from year 
to vear shows the relative total effect of 
the annual rate. 

If we now shift to the follow-up of in- 
dividual classes, we find that the im- 
proved retention rate has resulted in a 
present senior class only 2,100 students 
or 5 per cent smaller than the preceding 
class, although as freshmen, that class 
was 8,700 or 11 per cent smaller than the 
preceding class. This improved retention 
has not affected classes already gradu- 
ated; for example, the ratio of 1961 de- 


RATIOS 
EsTIMATED 
Junior Senior CumuLarive 
were to FRESHMEN TO 


Senior B.S. 


B.S. Decrees 
950 &4° 55°, 
96°; 83°; 50°, 
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grees to 1957 freshmen showed a contin- 
ued downward trend at 45.5 per cent as 
compared to 48.5 per cent for the previ- 
ous class. For the 1958 graduating class, 
the corresponding ratio was 53.8 per cent 
for a drop in three years of about eight 
points. This is mentioned primarily to 
give the parallel fact that in the three 
years after 1957-60, since we do not have 
the 1961 degrees for all curricula. the 
ratio of all bachelor’s degrees for men to 
first time enrollments four years earlier 
had dropped six points. The absolute 
figures are not comparable, but the trend 
is comparable. This leads to the convic- 
tion that there was a similar cause which 
this author should have identified much 
sooner, namely that the higher ratios fo 
a few years ago were due in considera- 
ble part to the infiltration of Korean vet- 
erans with some pre-service college work, 
who were not included in freshmen o1 
first time figures, but did appear in the 
degree total. This engineering retention 
picture is not a satisfactory one, but it is 
less serious than been 
thought. 


has previousl, 


Bachelor's Degrees 


If the net retention rates which o¢ 
curred in the 1960-61 interval, the best 
available for 
applied for the remainder in 
their undergraduate careers to the pres 


reflecting current condi 


tions, are 


ent senior, junior, sophomore and fresh 
man classes, the following estimates of 
bachelor’s degrees as compared with 


those for the past three years may be 


made. 

Actual Estimated 
1959—38,134 1962 —34,200 
1960-—37,808 1963 33,300 
( c 
196] 35 860 1964 34. 800 

1965 35.000 


The estimate for 1962 is likely to be 
fairly close. Those for the later years be- 
come progressively more doubtful. 

At this point, it is possible to make a 
comparison of engineering and science 
degrees for the last two years during 
which the engineering degrees have de- 
creased about 2,200 or 6 per cent. Math- 


ematics and science degrees, on the othe 
hand, increased from 33,000 in 1959 to 
about 35,700 in 1961, if the latter figure 
is estimated from junior year enrollments 
in science and mathematics, an increase 
of 8 per cent. Actually, all of this in 
crease can be applied to the increase in 
mathematics majors, since decreases in 
certain sciences rather more than offset 


increases in other sciences. 


Graduate Degrees 


The as yet unpublished study made 


by the Social Science Research Bureau 
for the National Science Foundation en 
titled, “The 1958 Graduate, Two Years 
After,” has shown that the median inte) 
val between the bachelor’s and master s 
degrees in practically all the sciences, 
mathematics and engineering is actu- 
ally about three vears. The most recent 
study of Ph.D.’s by the National Acad 
emy of Sciences indicates that the mean 
interval between the B.S. and the Ph.D 
in similar fields was eight years, but this 
is influenced by a considerable numbei 
of very long intervals. It may be assumed 
that the median would be about six year: 
In studying the trend of graduate de 
grees, therefore, it seems logical to com 


pare master’s degrees with bachelor’s de 


grees three vears earlier, and Ph.D. de 
grees with bachelor’s degrees six ve 
Although, therefore 
degrees in engineering increased from 
7,159 in 1960 to 8,127 in 1961, the ratio 


of such degrees to master’s degrees three 


earlier. master s 


constant 


vears earlier remain practicall) 
at 23 per 
that of the peak post-Korean ratios of 
almost 26 per cent in 1958 and 1959 
In the case of Ph.D 
neering, the numbers in the past three 
vears have been, 1959—714, 1960—786 
1961—943, and the ratios to bachelor’s 
degrees six vears earlier, 3.0 per cent 
cent, and 4.2 per cent \] 


though this ratio has been increasing 


cent, and somewhat belo: 


degrees In ene 


3.5 per 


one should remember that bachelor’s de 
grees six to eight years ago were being 
awarded to classes still containing con 
siderable numbers of World War II vet 


erans, fewer ot whom continued on to 
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graduate work. It is still too early, there- 
fore, to be certain that this ratio of Ph.D. 
degrees to earlier bachelor’s degrees will 
continue to rise once the effect of this 
factor is eliminated. 


Implications 


It has been estimated above that none 
of the undergraduate classes now en- 
rolled will vield more than 35,000  re- 
cipients of B.S. degrees in engineering, 
and that the average number from them 
will be almost a thousand fewer. Im- 
proved retention rates and_ increased 
transfers from junior colleges and other 
curricula may raise these totals some 
what, but such increases can hardly be 
large 

For the three succeeding classes to 
graduate in 1966 to 1968 a severely lim 
iting factor is that the 18-year-old age 
group, the primary source of college en 
trants, will be about 4 per cent smaller in 
1962 to 1964 than it was in 1961. In the 
last four years, that age group had in 
creased 26 per cent; in the single 1960-61 
interval, it increased about 11 per cent 
Under these circumstances, increases in 
the number of able high school gradu 
ates are likely to be verv small and in 
creases in the number of college entrants, 
particularly of males with the qualifica 
tions needed for engineering and other 
high level professions, rather limited 
As of 1956-57, the National Science 
Foundation’s study, “Duration of Formal 
Education for High Ability Youth,” made 
by this author, indicated that 75-80 per 
cent of the male high school graduates 
whose mental ability placed them in the 
top 30 per cent of all high school gradu 
ates were entering college on a full-time 
basis immediately or after short periods 
of military service or employment. Pre 
sumably, some imcrease in this propo! 
tion has already occurred and more 
should be attained, but further progress 
is likelv to be slow. 

In 1965, the 18-year-old age group 
will increase to a level slightly more than 
30 per cent above that of 1961 and will 
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continue in a range 25-30 per cent above 
the 1961 figure for the succeeding five 
years. These increases, however, will not 
affect college graduating classes until 
1969. Generally, therefore, through the 
1960’s substantial increases in the num- 
bers of male engineering graduates will 
depend primarily on attracting a higher 
proportion of qualified college entrants 
to engineering education. Unless this is 
done successfully, the average number of 
graduates for the decade seems certain to 
10,000. Even with major 
progress in this direction, that average 
can hardly reach 45,000. These figures 
apply only to B.S. recipients, since prac- 
tically any person receiving a higher de- 
gree in engineering is the same individual 
with an earlier B.S. in the field. 

This entire discussion and any specific 
figures have been related only to male 18 
vear olds, high school graduates, and col- 


fall below 


lege entrants. Any other approach would 
seem unrealistic since only about 0.5 per 
cent of those enrolled in engineering cur- 
ricula are women and this proportion has 
not been increasing. There is no doubt, 
however, that a considerable number of 
voung women have both the required 
ibility and potential interest in engineer- 
ing and might be attracted to it if its 
challenge and problems were properly 
presented and genuine opportunities 
were provided for them in industry. 
The recent study of the Bureau of La- 
bor Statistics for the National Science 
Foundation, entitled, “The Long Range 
Demand for Scientific and Technical Per- 
sonnel,” estimates the annual demand fo1 
engineers during the 1960's at 81,000, 
but points out that in recent years 23 per 
cent of the openings in this field have 
been filled by men without engineering 
degrees. Even if this estimate of total 
demand should prove high, it is clear that 
only maximum efforts to increase the 
number of graduates, maintain their 
quality at a high level and insure their 
most effective utilization by employers 
can meet the nation’s requirements from 


the profession. 





The Air Force Academy 
Its History and Locale for ASEE’s Annual Meeting 





All formal instruction at the Air Force Academy is given in the academic building, Fairchild 
Hall, one of the major buildings in the cadet area. The six-floor structure contains 168 general pur- 
pose classrooms, 5 auditoriums, the library, student laboratories, faculty offices, the Office of the 
Commandant of Cadets, the cadet dispensary, and several other facilities related to the academic 
mission. The classrooms are located in 32 bays of 5 classrooms each, equally divided between the 
4th and 5th floors. Four corner rooms on each floor are furnished as cadet lounges. The windowless, 
air-conditioned classrooms accommodate 16 cadets, a normal cadet section. Storage space is provided 
for audio-visual and other instructional aids; closed-circuit television receivers can be installed in 
each room. The stage of the main auditorium (with a capacity of 1,000) has been designed as part 
of a facility for a closed-circuit television system currently planned for late 1962 

Centralizing all academic functions in one facility permits most effective use of cadet time 
during academic periods with a maximum convenience to all concerned with academic instruction. 


The foothills of the Rampart Range the roadbeds of the Santa Fe and Denver 


have been mute witnesses to the pano- and Rio Grande Western railroads. An 
rama of history that has paraded by in increasing number of cabins and ranches 
ever increasing tempo for the last hun- which appeared in the shadows of Pikes 
dred years. The great arena formed by Peak attested to the continued growth of 
the downward sweep of Colorado’s east- the Colorado Springs and Denver areas 
ern plains was the scene of classic strug- into the “Heart of the Rocky Mountain 
gles of both white man and Indian; in- Empire.” 

evitably, the struggle was reduced to an The gradual emergence of the Acad 
uneven battle dominated by the white emy grounds, from the domain of the 
settlers of the West. The successes and western Indian to the quiet homes and 
failures of the pioneers were recorded in ranches of rugged Coloradoans, dramati 
the cattle ranges and farm land to the cally ended in mid-1954 when the site 
east and the hills and mountains to the was selected as the future home of the 
west. Crude trails winding through Air Force Academy. During the next 
Academy grounds became a part of the four years a major construction feat was 
famous Cherokee Trail and, eventually, culminated in the opening of the Acad- 
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emy gates to the first group of approxi- 
mately 700 cadets in September 1958. A 
dream of an Air Force Academy which 
had burned in the minds of America’s 
airmen for almost a half century had be- 
come reality! The newest of our country’s 
services could educate and train its ca- 
reer officers according to its needs and 
doctrines. 

The Academy was authorized by Con- 
gress in 1954 after lengthy study and 
recommendations of prominent Ameri- 
cans. Secretary of the Air Force, Harold 
E. Talbott, appointed a commission to 
select a site from among the 580 proposed 
locations. After extensive deliberation, 
the commission recommended three loca- 
tions: Alton, Illinois; Colorado Springs, 
Colorado; and Lake Geneva, Wisconsin; 
since it could not agree unanimously on 
a single location. Empowered by Con- 
gress to make the final decision, Mr. Tal- 
bott selected the present location. Con- 
currently, Lowry Air Force Base, Denver, 
was selected as an interim location and 
the first class of cadets entered in the 
summer of 1955. 

The date, June 3, 1959, was a red-let- 
ter day in Air Force history as it marked 
the graduation of the first class of 207 
cadets from the Academy and their entry 
on active duty in the Air Force. Latei 
that month, the first full class of 748 
cadets began their summer training pro 
gram. Entry of the new fourth class in 
June of this year will bring the cadet 
wing to its authorized strength of 2,550 
for the first time. We are proud of the 
fact that our initial graduates received the 
degree of Bachelor of Science. Our cw 
riculum-had been accredited by the North 
Central Association of Secondary Schools 
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and Colleges in the spring of 1959, and 
national recognition was focused upon 
our academic program. 

Completion of the chapel in mid-year 
will mark the end of the major construc- 
tion initially authorized for Academy 
buildings. Perhaps the most impressive 
example of Air Force Academy architec- 
ture, its 17 spires soar to sharp peaks 150 
feet above the cadet area. In marked con- 
trast, the oldest building preserved on the 
Academy grounds is a crude one-room 
cabin built almost one hundred years ago. 
It has been dedicated to the pioneers of 
the Pikes Peak region and is maintained 
as a permanent memorial. 

Air Force pride in the Academy was 
evidenced by a recent fund drive for a 
new football stadium for the Falcon foot- 
ball team. Because government funds 
could not be used, the Air Force Founda- 
tion, a non-profit group of civilians, dedi- 
cated to the ideals and support of the 
Academy, sponsored a fund drive to 
raise three and a half million dollars for 
the stadium construction. The response 
of individual members of the Air Force 
was immediate, and over $2 million was 
raised in a very short period. The balance 
was contributed by civilian organizations 
and individuals so that construction pro- 
ceeded as scheduled; the 1962 season 
will open on Academy home grounds 
for the first time. 

The beauty of the surroundings, the 
unique architecture, and the interest of 
a nation in its newest service Academy 
have attracted over 1.75 million visitors 
each year since its opening. As fellow 
Americans, we hope to share the pride 
we feel in our Academy with vou during 
vour June visit. 


BARLOW TO AIR FORCE INSTITUTE 


Dr. Howard W. Barlow has become Academic Director of the Air Force Institute 
of Technology at Wright-Patterson Air Force Base, Ohio. Dr. Barlow was formerly 
Director of the Washington State Institute of Technology, Washington State Univer- 


sity, Pullman. 





What Management Wants in the Technical 
Report: 


A Study Undertaken to Improve the Practice and Teaching 
of Technical Writing 


JAMES W. SOUTHER 


Assistant Dean, College of Engineering, 


University of Washington, Seattle, Washington 


I have been asked to tell you of the 
research project I recently undertook at 
Westinghouse to find out “what manage 
ment looks for in engineering reports.” 
In doing so, I should like first to describe 
the project, second to tell you something 
of its results, and last to describe briefly 
what we did with them. 


Report-Writing Research Project 


First, I should like to describe briefly 
the research project itself: its concept, 
organization, and method. 

A great many persons are just begin 
ning to realize that the reason engineer- 
ing reports do not convey information 
efficiently to management is that the 
author does not understand precisely 
what management wants to know. As a 
result, the management reader has to 
winnow out the information he needs or 
go back to the author with a list of 
specific questions — either of which is 
wasteful of time. 

Recognizing this problem for what it 
is—insoluble without information on the 
kind of reports management wants—M1 
H. C. McDaniel of Westinghouse pro 


posed that the company undertake to get 
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this information through personal inte1 
views with persons in supervisory and 
management positions Che objective was 
answers that would tell precisely what 
management looks for in engmeermneg re 
ports. The goal was a report writing 


guide 

Iwo Westinghouse departments were 
assigned the responsibility for the project 
the Technical 
because of its relationship with the pres 


Information Department 
entation of technical information, and 
the Educational Department because of 
its relationship with college and univer 
sity protessors. Both believed that the 
need to obtain unbiased and objective 
results outweighed all other considera 
tions. Therefore, I was employed to con 
duct the research project. Professor Erwin 
R. Steinberg, Head of the Department 
of General Studies of the Carnegie In 
stitute of Technology in Pittsburgh, who 
serves as a consultant in oral and written 
communications to the Educational De 
partment at Westinghouse, also served 
as an advise 

First, we defined the scope and extent 
of the report writing research project 
In order to dig as deeply as possible into 
management's informational needs, we 
limited the study to engineering reports 
rather than surveying a broad spectrum 
of industrial reports. 


Second, we listed the things we be 
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lieved we needed to know about man- 
agement’s informational requirements 
and phrased interview questions. These 
questions were then sent to The Opinion 
Research Corporation in Princeton, New 
Jersey, for review and modification as 
interview questions. Following their re- 
turn, a number of preliminary inter- 
views were made to evaluate their effec 
tiveness. 


Once we were satisfied with the inter- 
view questions, interviews were arranged 
with 70 members of engineering man 
agement including all levels of supervi- 
sion from vice president to section man- 
ager. Extreme care was exercised in the 
selection of a valid cross section, to in- 
sure (1) that both staff and line manage 
ment were included and (2) that line 
management represented a wide range 
of product divisions. Our object was to 
interview persons in as many dissimilar 
work situations as possible to assure 
wider applicability of the results to the 
report writing process 


Each interview required one-and-one 
half to two hours. During the interview, 
I made minimal notes and then recorded 
and expanded them at the end of the 
day while answers were still fresh in my 
mind. The typed interviews were classi 
fied and grouped according to supe! 
visory class and level. After the material] 
was studied and evaluated, a summary 
report was sent to each person inte 
viewed with the request that he com 
ment on the need for and the method 
of adapting the summary report material 
into a report writing guide 


The extent of agreement among. the 
people interviewe d concerning what the \ 
wanted was surprisingly high. The 
project did provide us with a much 
sharper focus and clearer definition of 
informational requirements than we here- 
totore possessed, In many instances, oul 
previous assumptions were given a realis- 
tic basis, and we now know a little more 
clearly where we stand. Through this 
study, we were able (1) to determine 
how management uses reports and what 
its reading habits are and (2) to identify 
the informational needs of management 


with considerable accuracy 


WHAT MANAGEMENT WANTS 
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Management Reading Habits 


Although the kind of information a 
manager needs is determined by his man- 
agerial responsibilities, how he wants this 
information presented is determined 
largely by his reading habits. We found 
through this study that the report reading 
habits of Westinghouse management are 
surprisingly similar. 

When a manager receives a report, he 
first wants to know whether he should 
read it, route it, or skip it. He needs to 
know immediately whether the report 
has any bearing on the decisions he has 
to make. To determine this, he needs 
answers to some or all of the following 
questions: 

What’s the report about and who 

wrote it? 

What does it contribute? 

What are the conclusions and recom- 
mendations? 

What are their importance and sig- 
nificance? 

What's the implication to the com- 
pany? 

What actions are suggested? Short 
range? Long range? 


Why? By whom? When? How? 


The manager wants this information 
at the beginning of the report and all in 
one piece, usually in a summary. Given 
this information, he can quickly decide 
whether he should read the report, route 
it, or skip it. 

For example, if a summary is to con- 
vey information efficiently, it must give 
an intelligent idea of what the report 
is about, the problem must first of all be 
defined, and the objectives of the project 
set forth. Next, the reasons for doing the 
work must be given. The conclusion and 
the recommendations should, of course, 
be stated. The report summary must also 
contain a definitive statement about the 
significance of the work followed by an 
interpretive statement of its implications. 
If applicable, the report should tell who 
is to do what, when he is to do it, and 
how he is to do it. 

Such summaries are informative and 
useful, for they meet the informational 


needs of most management readers when 
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placed at the beginning of the report. 
If a summary is not included, the infor- 
mation must be presented as the first 
part of the report. 

Every manager interviewed said he 
read the summary or abstract; a majority 
said they read the introduction and the 
background section as well as those sec- 
tions containing the conclusions and 
recommendations ~ . to gain a better 
perspective of the material being re- 
ported and to find an answer to the 
all-important question: What do we do 
next?” The body of the report is rarely 
read by those interviewed and then only 
because the manager is: 

1. Especially interested in subject, 
Deeply involved in the project, 
Forced to read by the urgency of 
the problem, or 
4. Skeptical of conclusions drawn. 


9 
Q 
2) 


Those few managers who read the ap 
pendix material did so to evaluate further 
the work being reported. To the report 
writer, this can mean but one thing: If 
a report is to convey useful information 
efficiently, the structure must not ignore 
the manager's reading habits. 

The project also provided information 
on another aspect of report writing, one 
that is tremendously important—the tech- 
nical level of presentation desired by 
management. Trite as it may sound, the 
fact remains that the technical and de- 
tailed level at which a report should be 
written depends upon the reader and his 
use of the material. Most readers—cer- 
tainly this is true for management readers 
—are interested in the significant material 
and in the general concepts that grow 
out of detail. there is 
seldom real justification for a_ highly 
technical and detailed presentation to 
management 


Consequently, 


Usually, the management reader has an 
educational and experience background 
different from that of the writer. Never 
does the management reader have the 
same knowledge of and familiarity with 
the specific problem being reported that 
the writer has. Therefore, the writer of a 
report for management should write for 
a reader whose educational and experi- 
ence background is in a field different 


from his own. For example, if the report 
writer is an electrical engineer, he should 
write his reports for a person educated 
and trained in chemical engineering, o1 
mechanical engineering, or metallurgical 
engineering; not in electrical engineering. 
If the report is to convey information 
effectively, all parts of it should prefer- 
ably be written at the level of articles 
published in The Scientific American 
And, all parts of the report, other than 
the body and appendix, must be written 
at The Scientific American level. The 
highly technical, mathematical, and othe: 
detailed material—if necessary at all—can 
and should be placed in the appendix 


Management's Informational Needs 


In addition to learning how a manager 
reads reports, we also learned that he’s 
interested in five broad technological 
areas: 

1. Technical problems, 

‘9 ] 


2. New projects and products, 
3. Experiments and tests, 

1. Materials and processes, and 
5 


Field troubles. 


As vou might imagine, managers need 
to know a number of things about each 
of these technological areas. Moreover 
the information needed varies with each 

Through the 
were able to 


of the technological areas. 
Westinghouse study, we 
determine the informational needs ot 
management for each of these areas and 
to formulate a checklist to guide the re 
port writer. The first five points on this 


checklist follow: 


What Management Wants to Know 


Technical Problems 

What is the problem? 

How did it arise? 

What is the magnitude and importance of 
itr 

What is being done about it? By whom? 

Why was this undertaken? 

What approaches are being used? 

Are these thorough and complete? 

What are the suggested solutions? Which 
one is best? Should others be consid- 


ered? 
What needs to be done now? Who doe 
it? 


What are the time factors? 





h 
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New Projects and Products 


What is the potential? 

What are the risks? 

What is the scope of application? 
What are the commercial implications? 
How stiff is the competition? 

How important is this to the company? 


How much more work must be done? Are 


there any problems? 

Are additional manpower, facilities, or 
equipment required? 

What is its relative importance to other 
projects or products? 

What is the life of the project o1 product 
line? 

How will this affect the Westinghouse 
technical position? 

Are any priorities required? 

What is the proposed schedule? 

What is the target date? 


Experiments and Tests 


What was tested or investigated? 

Why was this done? 

How was it done? 

What did the test show? 

Are there better ways to conduct tests? 

What conclusions do you draw from the 
test? 

What do you recommend be done? 

What are the implications of these tests 
to the company? 

What do you propose be done now? 


Materials and Processes 


What are the properties, characteristics 
capabilities? 

What are the limitations? 

What are the use requirements? 

What is the area and scope of application 

What are the cost factors? Major? 

How available is the material or process 

Is there another material or process that 
will accomplish the same result? 

How and where is the material or process 
best used? 

What are the problems in using the ma 
terial or process? 

What is the significance of the application 


to the company? 


2 


Field Troubles 


What equipment was involved? 

What was the trouble that developed? 

How much money and time is involved? 

Is there any trouble history on this prod 
uct? 

Whose responsibility to repau and place 
in service? Company? Others? 

What action is needed? 

Are there any special requirements to be 
met? 

Who does what? 

What are the time factors? 

What is the most practical solution? 

What action is recommended? 

What product design changes do you sug- 
gest? 
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In addition to these technological mat- 
ters, a manager must also consider mar- 
ket factors and organizational problems. 
Although these are not the primary con- 
cern of the engineer, he should be aware 
of their importance and should furnish 
information to management whenever 
technical aspects provide special evidence 
or insight into the problem being con- 
sidered. These additional considerations 
were included in the checklist: 

Market Considerations 


What are the chances for success? 


What are the possible rewards? Monetary? 
Technological? 

What are the possible risks? Monetary? 
Technological? 

Can we be competitive? Price? Delivery? 

Is there a market? Must one be created? 

When will the product be available? 


Organizational Consideration 

Is it the type of work Westinghouse 
should do? 

What changes will be required? Organi- 
zation? Manpower? Facilities? Equip- 
ment? 

Is it an expanding or contracting program? 

What suffers if we concentrate on this? 

Although the questions on the check- 

list are self-explanatory, two aspects war- 
rant comment. First, the list of questions 
pinpoints more accurately than hereto- 
fore the actual informational needs of the 
management reader, at least for Westing- 
house engineering management. Second, 
the questions themselves point directly 
to the necessity of relating the technical 
report to industrial decision making. This 
is an important concept, one too often 
overlooked in technical writing courses. 

Chis emphasis on the report and its re- 

lation to decision making may well force 
some technical men into a _ realization 
which they would prefer to avoid. The 
results of our study clearly indicate that 
presenting facts, the detailed data, is not 
sufficient. They must be interpreted. 
Their implications must be revealed. In 
short, judgment becomes the focal point 
of the technical report. True, judgment 
based on objective study and evaluation 
of the evidence, but judgment neverthe- 
less. In fact, the manager seldom uses 
the detail, though he often wants it avail- 
able. It is the professional judgment of 
the writer that the manager wants to tap. 
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The checklist represents the “heart” of 
the report writing study, for the identifi- 
cation of these specific questions was the 
primary contribution of the project. For 
this was our objective, to identify the 
informational needs of management. 


What We Did With the Information 


I have been concerned, thus far, with 
the findings of the report writing research 
project. Now, I want to tell you a little 
about what we did with these findings. 

From the beginning, our objective was 
a “guide” —as distinguished from a 
“manual.” Certainly, we had information 
which would prove useful to those who 
had to write reports. However, for some 
time I had been coming to the realiza- 
tion that the responsibility for communi- 
cation does not lie solely with the author. 
Management shares that responsibility. 
Although much has been said of the tech- 
nical man’s inability to express himself, 
management's failure to assume its re- 
sponsibility in the communication process 
is in large part responsible for industrial 
communication problems. Therefore, in- 
stead of developing one report writing 
guide — as originally planned — we de- 
veloped two: (1) a guide for management 
and (2) a guide for authors. 


1. Managing Report Writing—This 
guide defines management's responsibil 
ity to the writer as it relates to the super 
vision of the project and the required 
reports. A suggested procedure for direct 
ing report writing assignments is also in 


cluded. 


2. What to Report—This guide defines 
the author’s responsibility to management 
as this relates to content and level of 
presentation. In addition, the informa 
tional needs of management, as repre- 
sented in the checklist, are covered in 
detail. 

I have already covered the “What to 
Report” guide in considerable detail. 
However, the “Managing Report Writ- 
ing” guide requires additional comment 

First, the management guide states the 
company policy for engineering reports, 
placing the responsibility for securing 
effective reports squarely on the shoulders 
of management. It further defines man- 


agement’s responsibility in the reporting 
process as one of 
1. Defining the project and the re- 
quired reports, 


2. Providing proper perspective for 
the project and the required re 
porting, 


3. Seeing that etkective reports are 
submitted on time, and 

t. Seeing that the reports are properly 

distributed. 


Not only must the manager know 
“how to communicate,” he must know 
“how to manage communications.” It 
has been my experience that manacers 
more often know how to communicate 
than to manage communications. Just 
as supervising a shop requires a training 
and knowledge different from that of pe 
forming a machine operation in the shop, 
so does managing and controling com 
munications within an organization re- 
quire a training and knowledge different 
from those required to communicate. To 


control any process, a manager must 


1. possess a detailed understanding of 
the process involved, and 

2. establish a system of check points 
and the necessary feedback instru 
mentation to effectively control th 


process 


( onsequently, the guide focuses on these 
two points: describing the communica 
tion process and suggesting a procedure 
for supervising report writing assign 
ments, 

While each of these two report writ 
ing guides is concerned with a different 
function—one supervision the other ai 
thorship their purpose is the same: to 
clearly define basic r¢ sponsibilities In 
the reporting process 

At this time, I can report the guides 
neither a success nor a failure. The 
have not had time to do their work. | 
can report, however, that they were well 
received. The reactions were favorable 
and enthusiastic where the guides wer 
presented 

For those of us who teach technical 
writing, however, the study has provided 
valuable insight. It has defined more 
clearly the reading habits of management 


re 








Apr, 1962 WHAT MANAGEMENT WANTS 


and identified more specifically its in- 
formational requirements. Moreover, it 
highlights the closeness of the report to 
the decision making process. 

I would be remiss, however, if I did 
not point out that, despite the progress 
made in this study, we have only 
scratched the surface. There is so much 
we do not know! For example, can one 
report serve both management and the 
technical staff? We assume so, but how 
can we say until we identify the informa 
tional needs of each group? Or, for that 
matter, are the results of the Westing 
house study applicable to the rest of 
American industry? I suspect much of 
the material does apply, but we do not 
know that this is true. We need addi 
tional studies at a variety of companies 


Certainh no organization is better 
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equipped than the English Division of 
ASEE to undertake these studies. I pro- 
pose that the Division consider under- 
taking a research project to discover 

l. the extent of agreement among 

management in a variety of Ameri- 

can companies as to what it wants 
in technical reports, and 

2. the extent of agreement as to the 
deficiencies of the reports now re- 
ceived. 

The Westinghouse study provides us 
with method and experience. A_broad- 
ened study, such as the one I now pro- 
pose, could contribute substantially to the 
field of technical writing. Out of it might 
well grow suggestions for improving in- 
dustrial report writing practices and for 
making our report writing courses more 
realistic and more effective. 


WORLD'S FAIR, ANYONE? 


United Air Lines is offering members of the American Societv for Engineering 
Education a choice of tours to the Seattle World’s Fair following the Annual Meeting. 
For members coming to Denver from the East, this will be an excellent opportunity 
to include a vacation at the first World’s Fair to be held in the United States since 
1939. The “Man in Space” theme of “Century 21” Exposition and the international 
exhibits and decor make the Fair an experience rarely to be found in this country. 


These tours are available for periods of from three to nine days and can be arranged 


for members arriving in Seattle on any 
can be altered for individual requirements 


day Most tours are very “flexible” and 


These tours should prove to be especially 


attractive and convenient since they insure confirmed hotel accommodations which 
might otherwise be unobtainable during the Fair. Should you choose, you may leave 
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Denver via United Jet immediately after the Annual Meeting closes June 22. 


United is also cooperating with the Society to provide personalized travel service 


to Denver for the Annual Meeting. Inquiries for information on travel to Denver and 
the “Century 21” tours to Seattle should be directed to: M. M. Mathews, Svstem 
Manager—Convention Sales, United Ain 
Airport, Chicago 66, Illinois 


Lines, P. O. Box 8800, O’Hare International 





Report of the Committee of Presidents and 
Vice Presidents of 
ECPD NSPE EJC 


For the first time in history the presi- 
dents and vice presidents of these three 
societies have made a planned and deter- 
mined, though informally organized, ef- 
fort to bring about understanding and 
effective cooperation among the various 
engineering societies which they repre- 
sent. It may also be the first time that all 
six of the men holding these offices have 
gotten to know each other on more than 
a casual basis if at all. It is not too op- 
timistic therefore to hope that a continu- 
ation of such dedicated effort may lead 
to more productive inter-society relation- 
ships and more effective society programs 
within the engineering profession. Before 
high-spotting the character of this first 
year’s endeavor, it seems appropriate to 
repeat the “Report of the Past Presidents’ 
Task Force on Unity” of August 15, 1960, 
which was the cause célébre for these 
meetings in 1961: 

“This committee was appointed in 
1958 by coordinated action of the 
Founder Societies for the purpose of de- 
veloping a recommendation, the imple- 
mentation of which would lead to more 
efficient, effective, and where advantage- 
ous, a united effort on the part of the nu- 
merous engineering societies. The need 
or desire for doing something was ex- 
pressed differently by various individuals 
but the underlying theme seemed to be 
that as a result of the extensive prolifera- 
tion of engineering societies without over- 
all planning and broad perspective, there 
was insufficient coordination amid exces- 
sive duplication of effort, and many indi- 
vidual engineers do not feel a unified 
purpose that can be associated with their 
profession. 


“It was natural under the circum- 
stances to oversimplify the constructive 
resolution of this complex state of aftairs 
into a search for ‘unity.’ As the commit- 
tee tackled the possible routes toward 
bringing about this over-all simplified 
goal of ‘unity’ it immediately became ap 
parent that it had to inquire into the 
question of ‘unity for what purposes.’ An 
analysis of some ‘for what purposes’ indi- 
cated in certain cases that there was no 
need for ‘unity’ per se. In other cases it 
seemed impossible, if not untimely, to 
agree upon objectives that cut across the 
entire engineering profession 

“Previously proposed plans, such as 
the Functional Plan and the merger of 
EJC and ECPD, added to the complexity 
of the situation because various people 
not only viewed them differently on the 
basis of their own apparent merits but 
also in relation to this goal of ‘unity.’ 
Many modifications and consolidations of 
these plans were considered at length 
without finding one which could be unan- 
imously supported. This is a direct result 
of the fact that it is not clear what area 
the engineering profession wants to he 
united on to a greater degree. 

“As the committee then contemplated 
the degree and manner in which the pro 
fession is already united it noted the ex 
tensive unifying effects of the two fede 
ated societies EJC and ECPD and also 
NSPE which encompasses members from 
the various branches of engineering 
Thorough analysis revealed that if the 
activities of these three societies could be 
coordinated so as to minimize duplication 


of effort and to maximize the total ef 


Jrl. Eng. Ed., V. 52, No. 8, April 1962 











Apr., 1962 REPORT OF THE COMMITTEES 505 


fectiveness, major benefits would accrue 
to the profession. 

“Coordination by means of formal 
changes in organizations or the creation 
of new agencies provided impossible of 
resolution on a unanimous basis. It ap- 
peared, however, that informal coordina- 
tion can be expected to produce effective 
cooperation and results that will do much 
to satisfy the profession. The committee 
therefore with complete unanimity is 
happy to offer the following recommenda 
tion: 

‘1. That the president and vice presi- 
dent respectively of EJC, ECPD and 
NSPE meet at least four times a year for 
the purpose of 

“a. eliminating undesirable duplicate 

effort, 

». improving effectiveness and effi 


ciency in the total society effort, 


supporting one another's programs 
in principle and spirit, and active 
ly where feasible, and 
“d. undertaking any other steps that 
are in the best interests of the en- 
gineering profession that can be 
handled best by this unified ap 
proach. 
“2. That the Founder Societies who 
created this committee, endorse these rec- 
ommendations and effectively present 
them for endorsement by the constituent 
societies of EJC and ECPD for the pur 
pose of providing maximum support for 
the proposal. 


“ny 


3. That this particular plan not be 
considered a final solution to the engi- 
neering society complex but rather as a 
constructive step which can be taken im- 
mediately without in any way impairing 
the installation of any plan which might 
then appear more effective. 


“In view of the fact that implementa- 
tion of these recommendations is clearly 
within the rights, if not the responsibil- 
ity of the heads of EJC, ECPD, and 
NSPE, copies of this report with the re- 
quest for early favorable acceptance and 
initiation of the plan will be addressed to 
A. B. Kinzel, President EJC; W. L. Ev- 
eritt, President ECPD; N. E. Hull, Presi- 
dent NSPE. 


“The committee wishes to express ap- 
preciation to J. N. Landis, Past President 
of ASME, and L. F. Hickerneld, Past 
President of AIEE, for their efforts dur- 
ing the period they were members of this 
committee. 

“Respectfully submitted: W. J. Bar- 
rett, Past President AIEE; L. P. Howson, 
Past President ASCE; A. B. Kinzel, Past 
President AIME; G. R. Warren, Past 
President ASME; G. E. Holbrook, Past 
President AICh.E.” 

These recommendations were endorsed 
and after an introductory meeting De- 
cember 2, 1960, in New York, called by 
then President of EJC, Augustus B. Kin- 
zel, the presidents and vice presidents 
of the three subject societies did meet 
and carry on discussions during 1961 on 
January 17, April 20 and June 15, in Chi- 
cago, and October 13 in New York. 

Somewhat paradoxically the first objec- 
tive of the six people was to become ac- 
quainted, because some had never met. 
It is noteworthy, however, that from the 
very beginning, all approached the dis- 
cussions in the frame of mind of an ear- 
nest desire to cooperate and to tackle the 
venturé in the full spirit of the above 
cited past presidents’ report. 


It was fully recognized from the begin- 
ning that these individuals working to- 
gether in this small informal committee 
had no authority to act for, or in behalf 
of, any organization. Strangely enough, 
at least at this time in history, this is an 
element of strength and value. It focuses 
attention upon the need for understand- 
ing and cooperation and upon persuasive 
processes within the existing framework 
of engineering societies rather than on 
forcing acceptance of crystallized and 
rigid concepts. Until this spirit perme- 
ates all engineering groups at all levels, 
and until there arises a concept of organi- 
zation justified and warranted by ac- 
cepted objectives, more formal ap- 
proaches might very well negate this 
wholesome beginning. 


This group could not initially and can- 
not now be expected to initiate a series 
of dramatic or spectacular actions or pro- 
nouncements. What the societies, and en- 
gineers generally, should expect will at 
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least initially be difficult to see and hard 
to identify. Given time, however, a new 
and substantial spirit of cooperation, and 
a strong trend toward cohesive effort di- 
rected toward unselfish, worthwhile ob- 
jectives, should be recognized among the 
various segments and organizations of the 
profession. To achieve this, individuals 
and groups within the profession must 
also embrace the same spirit of dedication 
toward that which is inherently good and 
avoid the pitfalls of society politics, 
power plays, and self-interest, that are in 
conflict with what is right and best as 
measured by unbiased standards. 

Many subjects were discussed by this 
group and quite naturally some were rec 
Neve! 


theless, information and ideas were ex 


ognized as quite controversial. 


changed, and a better understanding of 
the differing points of view was achieved. 
It is certain that these six people took 
back to their organizations worthwhile 
information and a better appreciation of 
the problems and interests of other socie 


ties. The committee believes it can be-. 


gin to see the results of this better un 
derstanding and dedication for coopera 
tion reflected in either new or modified 
thinking within the various organizations 
It appears clear that some of the hard and 
selfish viewpoints are giving way to open 
mindedness and more constructive con 
templation. 

By informing each other of future 
plans, misunderstandings and duplica 


tions have been avoided during the course 
of the year. Without these discussions no 
doubt new duplications and conflicts 
would have arisen from either lack of 
knowledge or lack of consideration. Thus. 
some of the greatest benefits may derive 
from avoiding difficulties through preven 
tive rather than curative measures. These 
values, however, will have to be accepted 
on the basis of judgment and faith be 
cause they can never be proved. 

We urge these meetings be continued 
confident that the efforts ex 
pended in each succeeding year will pro 


and are 


duce accelerated progress toward the goal 
of enlightening understanding, effective 
cohesive implementation of important 
programs, avoidance of competitive o1 
duplicate effort, and the development of 
a spirit of objectively oriented coopera 
tion which will aid in channeling group 
or society loyalties into programs consist 
ent with the general well being of the 
profession. 

It is respec tfully suggested and recom 
mended that this report be sent to th 
boards of constituent groups with the 
further hope that this message will be 
published in the various media available 

W. L. Everitt, President ECPD 

R. A. Morgan, Vice President ECPD 

N. E. Hull, President NSPE 

M. Wilson, Vice President NSPI 

J. N. Landis, President E|( 

G. E. Holbrook, Vice President E]|( 


December 26, 1961 


BURR NEW DEAN OF ENGINEERING AT RPI 


The appointment of Dr. Arthur A. Burr as Dean of the School of Engineering 


Rensselaer Polytechnic Institute, Troy, N. Y., is announced by Dr. Clayton O. Dohren 


wend, provost of the Institute. 


Dr. Burr, acting head of the School of Engineering since July 1, 


has been 


member of the Rensselaer faculty since 1946, becoming an associate professor in 1949 


professor in 1953 and in 1955 head of metallurgical engineering, now designated 


materials engineering. 
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Social Class Background As A Predictor of 
Academic Success in Engineering* 


ROBERT L. EICHHORN 


Associate Professor of Sociology 
Purdue University 


GERALD J. KALLAS 


Graduate Research Assistant 
Purdue University 


Academic mortality among engineer 
ing students constitutes a serious prob 
lem for administrators, faculty members, 
the students involved, and society as a 


whole. The results of one nationwide 
survey showed that 273 per 1000 stu- 


dents in all curricula left school within 
the first year.t Only about half of the 
students who start in 
ceived their degrees in this field.2 Drop- 
out rates of this magnitude represent a 
faculty 


resources, 


engineering re 


effort and ad 
Students 


not always as a 


terrible waste of 
ministrators’ who 


must leave engineering, 


result of their own inadequacies, find 
themselves nevertheless “failures” before 
they have reached the age of 20, ex 
periencing oft times a disappointment 


Che survival of 
itself 
hinge upon the ability of the universities 


they will never forget 


our system ot government may 


to train sufficiently large numbers of 


Che authors wish to express their ap- 
preciation to A. R. Spaulding, Dean of Pu 
due University’s Department of Freshman 
Engineering; W. K. LeBold of the same de 
partment and H. H. Remmers of the Di 
vision of Educational Reference for 
ance in the conduct of this study 


assist- 


Robert E. Iffert, Retention and With- 
drawal of College Students, U. S. Depart- 
ment of Health, Education, and Welfare, 
Bulletin No. 1, 1958 


?In a review of studies specifically con- 
cerned with academic mortality among en- 
gineering students, the authors report “that 
from 40-50 per cent of the full-time entrants 
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skilled engineers for jobs in production 
and research. 

Studies indicate that part of the fail- 
ure of incoming engineering students to 
remain in the field or to do well in their 
studies is a function of deficiencies of 
preparation or aptitude—in sum, intel- 
lectual shortcomings. But to reduce the 
problem of dropouts to these primarily 
cognitive factors would be fallacious. 
Non-intellective the 
home environment from which a student 
financial 
while in school, are also recognized as 
being important. However, it must be 
admitted that 
the literature as to the specific non-in- 


factors, such as 


comes or_ his circumstances 


much confusion exists in 


tellective factors which should be taken 
into account for predicting success or 


to engimeering schools in recent years have 
graduated from the institution of original 
entry, but some 12 per cent have required 
more than the normal four- or five-year pe- 
riod to secure the B.S. degree.” Freeman et 
al., “Engineering Student Dropouts,” Jour- 


NAL OF ENGINEERING EpucaTion, Vol. 50, 
No. 8 (April, 1960), pp. 611-619 
The situation at Purdue is similar. Har- 


land H. White, Director of Admissions, re- 
ports that in 1952, 40.3 per cent of the 
students who entered the engineering pro- 
gram withdrew; 39.5 per cent of the be- 
ginning engineers graduated from Purdue 
from some school within the University— 
not necessarily from engineering; 20.2 per 
cent were still enrolled in some school at 
Purdue four years after entrance but had 
not vet graduated. 
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failure and the degree to which each is 
influential. In one study the students’ 
reasons for going to college, for instance, 
distinguishes between successful  stu- 
dents and those who fail to make the 
grade; in another study, the same fac- 
tor distinguishes between students but 
results may differ or be opposed to the 
other set of findings.* 

This, then, is the dilemma! For im- 
pelling humane as well as economic and 
social reasons, administrators seek bet- 
ter means for predicting academic suc- 
cess than are now available. The rela- 
tively low average multiple correlation 
between intellective factors and aca- 
demic performance, judged to be about 
.55, turns attention to non-intellective 
determinants.* Yet here the results of 
previous studies are not clear. 

The investigation reported here at- 
tempted to reduce some of this confusion 
by suggesting that many of the non- 
intellective factors thought to be pre- 
dictive of academic success or failure are 
not predictive sui generis but instead 
appear to be so because of their own 
relationship to social class. From this 
stems the contradictory study results. 


How Social Class Determines 
Educational Chances 


Every known society has some syste- 
matic fashion by which its members are 
differentiated relative to certain criteria. 
Stated very simply, this means that the 
members of societies classify each other 
into categories above or below one an- 
other on a scale of superiority and in- 
feriority. “This process is called stratifica- 
tion, and the categories are called strata 
or classes.”® 


‘See Joshua A. Fishman, “Social-Psycho- 
logical Theory for Selecting and Guiding 
College Students,” American Journal of So- 
ciology, Vol. 66 (March, 1961), pp. 472- 
484 for a discussion of the state of knowl- 
edge in this area of research. 

* Fishman, p. 473. 

* Leonard Broom and Philip Selznick, So- 
ciology, Evanston, Ill.: Row, Peterson and 
Company, 1956. 


Membership in lower classes is usually 
accompanied by feelings of deference, 
admiration and respect for those above 
them. Those who look down at the less 
valued members of society may feel con- 
descension, pity, or rejection, and they 
may expect deference. “These feelings 
result in the unequal distribution of cer- 
tain duties and responsibilities. Different 
kinds of behavior are permitted, encour- 
aged, forbidden, or required, depending 
upon the stratum to which one belongs 
and how it is evaluated.”® 


That the existing stratification system 
in a society has certain consequences for 
the individuals involved in a particular 
stratum is well documented in the soci- 
ological literature. Positions in the social 
strata are associated with characteristic 
attitudes, behavior, and_ life 
What a person learns is highly related 
to the stratum in which he is born, for 
the different strata emphasize different 
value orientations. This is especially true 


( hances. 


with respect to the importance of educa- 
tion. Families within the higher strata 
are more likely to encourage their chil- 
dren to do well in school. Furthermore, 
upper class families are in a better posi- 
tion than lower class families to teach 
those things that increase the likelihood 
of success. Here reference is made to 
such things as good diction, a richer vo- 
cabulary, an appreciation for art, and 
self-confidence in social situations. 
Inevitably, early learning experiences 
in families within the various strata at- 
fects the 
Children from lower class families are 


student’s success in school 
more likely to drop out of high school 
before completion.*? Those lower class 
youth who do graduate are less likely to 
go to college.8 We will show that those 
students from lower class families who 


reach Purdue’s engineering schools are 


*Broom and Selznick, p. 167 


*August B. Hollingshead, Elmtown’s 
Youth. New York: J. Wiley, 1949. 

*Raymond A. Mulligan, “Socio-Economic 
Background and College Enrollment,” 
American Sociological Review, Vol. 16 
(April, 1951), pp. 188-196 





ire 


ol 
iSS 


to 


ho 


ire 


n’s 
Lic 


16 








Apr., 1962 SOCIAL CLASS BACKGROUND 509 
TABLE 1 
POSITION IN THE PROGRAM BY PLACE OF HIGH SCHOOL GRADUATION* 
POSITION IN THE PROGRAM 
PLACE OF GRADUATION 
Summer Stay 

Withdrawals | Terminated | Withdrawals Group Total 

Graduated from an Indiana high school 70.7 62.7 48.8 60.7 65.5 

Graduated from a high school out of state 29.3 37.3 51.2 39.3 34.5 

Total % 100.0 100.0 100.0 | 100.0 } 100.0 

Number of cases 321 67 41 163 592 

| — 
Chi square 10.9 Probability 02 


©Withdrawals were oversampled for purposes of ¢ 


larger here than was actually the case. 


less likely to survive than students from 
higher class families.® 

Sociologists generally agree that social 
class origins are one of the major non- 
intellective factors determining academic 
success. Furthermore, many of the other 
non-intellective factors that have been 
used as predictors may be merely mirror- 
ing the influence of class backgrounds, 
since we know that class is related to 
such diverse things as the way one votes, 
his taste in music, whether or not he 
eats salads, how much he travels, wheth- 
er he calls the noon meal “lunch” or 
“dinner,” the number of children he will 
have, and how long he will live. 


An IIlustration—Place of Residence 
Versus Social Class as the 
Determinant of Academic Success 


A variety of non-intellective factors, 
including social origins, was used to ex- 
plain differences in academic success 


’A person’s social origin affects his life 
chances even after he has attained a college 
degree. After studying the present occupa- 
tional responsibilities of 3,799 Purdue Uni- 
versity engineering graduates from 1911 and 
1956, Perrucci concludes that “engineers of 
lower social class background were not as 
likely to hold job positions of high income 
and high prestige as were engineers of mid- 
dle and upper class background. The dif- 
ference in income did not become manifest 
until approximately ten years after gradua- 
tion.” Robert Perrucci, “Social Class and 
Intra-Occupational Mobility: A Study of the 
Purdue University Engineering Graduate 
from 1911 to 1956.” Unpublished M.S 
thesis, Purdue University, 1959 


alysis. Therefore the proportion withdrawing looms 


among freshman engineers at Purdue 
University.'° Whether or not a student 
graduated from a high school within the 
state of Indiana in contrast to an out-of- 
state high school seemed at first relevant 
in determining success in the freshman 
year in engineering. 

Of those who withdrew, 70.7 per cent 
graduated from an Indiana high school 
compared to 60.7 per cent of those who 
stayed in the program. Roughly 29 per 
cent of the withdrawals graduated from 
an out-of-state high school contrasted 
with 39.3 per cent who stayed in the 
program. This finding squared with 
many faculty members’ judgments about 
the quality of Indiana high schools. 
Complaints have been made _ publicly 
about the science curriculum and the 
calibre of high school teachers of the 
state’s high schools. Certainly, other 
states could not be so bad. We often 
deprecate that with which we are fa- 
miliar. 


However, there is an alternative in- 
terpretation of these findings. Purdue 
being a state school has different tuition 


The methods employed in this study are 
described in the Appendix. Non-intellective 
factors used included: mother’s education, 
brothers’ and_ sisters’ education, financial 
help from parents, whether or not the stu- 
dent worked to earn school expenses, size 
of community from which they came, in- 
state or out-of-state residence, reasons for 
selecting Purdue as a place for study, fra- 
ternity or dormitory residence. All of these 
had been used by other researchers as pre- 
dictors of academic success. 
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rABLE 2 
POSITION IN THE PROGRAM AND PLACE OF HIGH SCHOOL GRADUATION B\ 
SOCIAL CLASS 


Class | 
Did you graduate from an 
Indiana high school? No Yes 
POSITION IN THE PROGRAM 
Withdrawal 57.5 37.7 
Terminated 8.8 12.3 
Summer withdrawal | ‘RS 12.3 
Stay group 31.2 37 
Total % 100.0 100.0 
- | 
Number of cases 80 | 106 
Chi square .87 
*robability .50 


scales for in-state and out-of-state stu- 
dents. Students from within the state at 
the time of the study paid $112.50 a 
semester while students from _ other 
states paid $300.00. Clearly, lower class 
students from other states were being 
screened out. Thus, the relationship be- 
tween place of high school graduation 
and academic success could be spurious. 
Table 2 shows this to be the case. 


When comparisons are made within 
classes, no significant differences in 
terms of success and failure exist be- 
tween students who graduated from In- 
diana high schools in contrast to those 
who graduated from high schools out of 
the state. There are differences, however, 
between classes. In general, the highe 
the students’ class position, the more 
likely they were successful in the engi- 
neering program, regardless of where 
they graduated from high school. Almost 
38 per cent of the students in Class I 
(the higher class), who graduated from 
Indiana high schools, succeeded in their 
first year of engineering education in 
contrast to 19.4 per cent of the Class 
III students who also graduated from 
Indiana high schools. The converse also 
holds: 58.3 per cent of the Class III 
students who graduated from Indiana 
high schools withdrew whereas 37.7 per 
cent of the Class I students who grad- 
uated from Indiana high schools with- 
drew. The pattern is the same for those 


SOCIAL CLASS 


Class II Class III 

No Yes No \ 
56.9 $2.7 60 5 
11.8 14.5 11.9 

6.5 = 5 13.9 
24.9 21.3 22.2 19.4 
100.1 100.0 100.0 99 9 

153 55 135 ¢ 
Chi squa 13 Chi square 1 
Probability 80 Probal ) 


students who graduated from high 
schools outside of the state of Indiana 
Thus, the higher class background, not 
the place of high school graduation, in- 
creases the likelihood that students will 
sucveed in the engineering program, 

Students who come from higher class 
backgrounds choose Purdue as a place 
for study for different reasons from those 
mentioned by lower class students. Up- 
per class students were more likely to 
cite Purdue's prestige as an engineering 
school whereas lower class students 
mentioned lower tuitions or the nearness 
of the school to home. 

In sum, in this illustrative instance, 
the place from which a student grad- 
uates (in-state or out-of-state) appeared 
at first to be related to success or failure 
in engineering. Plausible explanations 
could be advanced for this relationship 
However, place of seemed 
merely to be indexing the students’ so- 
cial class backgrounds for when this fac 
tor was considered the apparent rela- 


tionship disappeared." 


residence 


" Social class was highly related to place 
of residence. Forty-four per cent of the 
Class I students (upper class) graduated 
from an Indiana high school in contrast to 
79 per cent of the Class III (lower class) 
students who did so. Fifty-six per cent of 
the Class I students in contrast to 21 per 
cent of the Class III students graduated 
from high schools outside the state of In- 
diana. 
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Relation of Social Class to Predictors 
of Success and Failure 

The engineering students’ social class 

backgrounds were not only found to be 
related to place of graduation but also 
to these other often used non-intellec- 
tive predictors of academic success or 
failure. 

1. Mother's Education. 
the social class background from 
which the students come, the 
higher their mothers’ education. 
This is significant by the chi 
square test at the .00O1 level. 


The higher 


~ 


2. Brothers and Sisters’ Education 
The higher the social class from 
which the students come, the 
higher their brothers’ and sisters’ 
education. This is significant at 
the .O1 level. 

3. Financing Education. 

a. Finances from parents. The 
higher the social class from 
which the students come, the 
greater the financial support 
they receive from their parents. 
This is significant at the .01 
level. 

b. Finances from own earnings. 
The lower the social class from 
which the students come, the 
greater the amount they earn 
for their educational expenses. 
This is significant at the .05 
level. 

4. Type of Community. The higher 

the social class from which the 

students come, the more _ likely 
they come from a large metropoli 
tan area. This is significant at the 

001 level. 

Reasons for Selecting Purdue. The 

higher the social class from which 

the students come, the more likely 


Ut 


they selected Purdue because of 
engineering 
school. (Chi square analysis was 


its prestige as an 


students 
checked more than one alterna- 
tive. ) 

6. Residence at Purdue. The higher 
the social class from which the 
students come, the more likely 
they lived in a fraternity house. 


not made since many 
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oll 


This is significant at the .001 
level. 

Social class touches a _ variety of 
things. The predictive power of many 
non-intellective factors may stem from 
this fact. The confusion that obtains in 
the literature may result from failure to 
note the operation of this crucial vari- 
able. 


- Conclusion 


It is proposed that the empty empiri- 
cism inherent in correlating non-intellec- 
tive factors, such as place of residence 
or size of graduating class (factors 
drawn from data that just happen to be 
present in the registrar's office) cease. 
In its place behavioral scientists should 
use the best theory available from their 
disciplines to develop some more co- 
herent lists of factors that determine 
academic success. From sociology, the 
theory of social stratification promises to 
be most helpful in this undertaking. 


Methodological Appendix 


The Sample: The sample in this study in- 
cluded students who started the Freshman 
Engineering Program at Purdue University 
in September of the academic year, Septem- 
ber, 1958 to June, 1959. The sample was 
broken down into four main groups: with- 
drawals, terminations, summer withdrawals, 
and a group that remained in engineering. 
These groups were defined in the following 
manner: 

WITHDRAWALS: These individuals 

voluntarily came to the Freshman En- 
gineering Department and_ expressed 
the desire to withdraw from the pro- 
gram. The reasons for withdrawal were 
varied, but the important aspect here 
was that the students, through their 
own volition, decided to drop out of 
the program. 
There are 330 students in this group. 
The process of withdrawing required 
that the students fill out the question- 
naire used for data collection, thus al- 
lowing for 98.2 per cent returns from 
this group. 

TERMINATED: If after two semesters, a 
student had less than a 3.5 grade in- 
dex, the Department took scholastic ac- 
tion and dropped the student from the 
program.” 


* Purdue uses a six point scale for com- 
puting grade indexes. An index of 6 means 
that a student has a straight A average. 
Therefore, 3.5 is a D+ average. 
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There are 157 students in this group. 
Only 69 questionnaires were returned 
after three follow-ups, which is 44.0 
per cent of the total. 

SUMMER WITHDRAWALS: This group 

is made up of students who did not 
express the desire to withdraw, were 
not terminated by the Department, and 
at the end of the school year, June, 
1959, were still considered to be in en- 
gineering, but did not return to the 
university in September, 1959. 
There were 78 students in this group. 
Forty-one questionnaires were  re- 
turned, which is 52.6 per cent of the 
total. 

STAY GROUP: This group is made up of 
students who had satisfactorily main- 
tained their positions in the engineer- 
ing program, and were still at Purdue 
in February, 1960, pursuing an engi- 
neering degree. 

We had 82.0 per cent returns from an 
equal interval sample of 200 students 
in this group. 


Data Collection: The survey was used as 
the technique for data collection. The ques- 
tionnaire employed had a rather long de- 
velopment and was originally designed to 
be completed by all students withdrawing 
from the Freshman Engineering Program. 

Originally the questionnaire was an open- 
end type of instrument. Revisions were 
made, questions were dropped and added, 
response categories set up in lieu of the 
open-ended questions, and, finally, a_ set 
of alternatives were developed whereby the 
student could just “check off” the response 
that suited him for any particular question. 

For this study, the withdrawal question- 
naire was revised several times in order 
that it could be given to the student groups 
defined in the sampling design, e.g., with- 
drawal, terminated, summer withdrawals, 
and stay group, so that comparisons could 
be made. 

The questionnaires were mailed under a 
cover letter from the Dean of the Freshman 
Engineering Department. Those who vol- 
untarily came to the Department to with- 
draw had to fill out the questionnaire as 
part of the withdrawal process, yielding 
high returns which were spread over a cal- 
endar year. In February, 1960, question- 
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naires were mailed to the remaining three 
groups; the data collection required ap- 
proximately three months, including three 
follow-ups. 

An Index of Social Class: To test the re- 
lationship between social class origins and 
performance in the Freshman Engineering 
Program, it was first necessary to determine 
the students’ class backgrounds. 

For the purposes of this study, both fa- 
thers’ sources of income and fathers’ edu- 
cational attainment were used to determine 
the students’ social class position. The two 
variables were combined in the following 
fashion.” 

CLASS I: Students’ families in which the 
father receives his income from one of 
the following sources: Inherited wealth; 
earned wealth; business profits, profes- 
sional fees, or royalties; and _ salary, 
paid on a monthly or yearly basis. The 
fathers in these families have attended 
college, many of them receiving de- 
grees on the bachelor and professional 
level. 

CLASS II: Class I and Class III are a 
combination of extremes of the vari- 
ables used to distinguish between 
classes. In other words, Class I has 
both a high source of income and high 
educational attainment, while Class III 
has a low source of income and low 
educational level. Stated simply, Class 
I has both, Class HI has neithe 
Class II, then, is a residual category, 
the members of which have “one and 
not the other,” e.g., a high source of 
income plus a low educational level 
or a low source of income plus a high 
educational level. 

CLASS III: Students’ families in which 
the father receives his income from one 
of the following sources: Wages, de- 
termined by an hourly rate; private re- 
lief; and public relief. The fathers in 
these families did not Zo bevond high 


school, 


“ A more extensive rationale for the use 
of these variables as a basis for social class 
assignment can be found in the unpublished 
M.S. thesis by Gerald J. Kallas, “A Study 
of the Relationship Between Social Class 
Background and Success in the Freshman 
Engineering Program at Purdue University.” 
Purdue University, 196] 
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Should | Write a Textbook? 


RUSSELL C. BRINKER 


Professor of Civil Engineering, 
New Mexico State University, 
University Park, New Mexico 


The primary tool of teacher and stu- 
dent is the textbook, yet few teachers 
and fewer students have even a basic 
understanding of the problems involved 
in writing and preparing a manuscript 
for publication, printing and binding a 
book, and marketing the product. Every- 
one feels free to criticize book costs, con- 
tents, and arrangement—and _ rightfully 
so. Nearly every teacher believes he 
could write a much better book than any 
available if he “just had the time.” 
Nearly every student believes that au- 
thors and publishers of the books he uses 
are making a quick easy fortune at his 
expense. This paper is therefore written 
to present some of the seldom-discussed 
facts about textbooks for the edification 


of students, teachers, and prospective 
“happy” authors. A “happy” author is 
one who recognizes the publisher’s prob- 
lems as well as his own. The subject 
lends itself to the question and answer 
type of approach to be followed herein. 

First, however, let us settle the ques- 
tion of whether book costs are out of 
line by categorically stating that books 
are still cheap when compared with the 
inflated prices of practically every other 
commodity. A brief list will justify this 
theorem. 

Now consider some of the labor costs 
chargeable to the highly unionized type- 
setters. For the average 6-inch by 9-inch 
textbook whose actual type area meas- 
ures 442 x7 inches, the composition cost 


Cost Comparisons 


Cost in 1925-1929 


Cost in 196] 


except as noted by ° ) 
Average college textbook $3-$3.50 $6 to $9 
Specialty textbooks $6 $9-$10 lower level, $12-$15 upper 
Engineering Drawing by Frenc h $3 $7.50 (atter numerous revisions 


College tuition/vr. (Lafayette 





Lehigh } 
New Ford or Chevrolet 
Shoes 
Library book 
Movie ticket 
Broadway musical 


$300-$400 
$525-$750 
$5 

$0.95° 
$0.10° 
$2.20° 


$1200 to $1400 
$2500-$3250 
$20 

$1.95 

$1.65 

$9.90 





° From the talk by Mr. Bennett Cerf be- 
fore the New York Society of Security 
Analysts comparing book and other costs 
in 1920 with those of today 


Presented at the Annual Meeting 
of ASEE in June 1961 


will range from about $5 per page for 
very simple materials to as much as $40 
per page for complex matter. Setting 
type for tabular data costs even more, 
perhaps as much as $75 per page. If 
other expenses such as those involved in 
copy editing, preparation of illustrations, 
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and the cost of engraving and printing 
plates are added to the typesetting fig- 
ures, an investment of from $8 to $80 or 
more per page is reached before print- 
ing. Changes and corrections of errors 
result in exorbitant charges—the cost to 
change one page number may run $3! 
In today’s competition, several thousand 
dollars may be spent, per manuscript 
signed up, for salary and expenses of pro- 
curement personnel, exclusive of the col- 
lege travelers. 

The investment in the average engi- 
neering textbook may thus be $15,000 
to $35,000 or more by the time it is 
ready for printing. Then, depending 
upon the length of the book and other 
factors, it will cost from $0.90 to $1.60 
for paper, cloth, ink, printing, binding 
and other operations. Inclusion of a 
single color page or foldout may add 
$0.25 to the cost. As many as 100 to 
1000 complimentary 
tributed on the first printing. As will be 
discussed later, the publisher receives 
roughly 45 per cent to 65 per cent of the 
list price of the book to return his in- 
vestment, the expenses noted plus others, 
and any profit. Obviously, unless 10,000 
or more copies can be sold, there is little 
chance to break even on a $5 list price. 
It might be noted that the high quota- 
tions of some book company common 
stocks are accompanied by unrealistically 
high price-earnings ratios which mean 
hopeful anticipation of future big earn- 
ings rather than a present realization of 
them. 


copies are dis- 


The widely-held idea that book prices 
could be drastically reduced by eliminat- 
ing the hard cover is erroneous—the sav- 
ing would be about $0.25, and another 
penny could be cut by omitting the dust 
jacket. Paperbacks often utilize cheaper 
paper and are lower priced because they 
are designed for a volume market. Stu- 
dents, particularly in engineering, should 
keep their textbooks for reference and 
paperbacks will not “stand up.” 

According to a survey at one college 
(which shall be unnamed) _ students 


spend more money on beer than text- 
books. The Annual Survey of the Text- 
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book Publishing Industry tor 1959 indi- 
cates that the average sale of new text- 
books to college students was $26.38 per 
year. Thus the amount spent by students 
for books is only a small fraction of the 
total cost of attending college. 
for penny, the textbook is the student's 
best buy in his college education.” 


“Penny 


How Is Price Determined? 


An estimate of sales potential is made 
before a contract is given the author, o1 
before production begins. Publishers of 
novels can survive if they guess right 20 
per cent of the time in selecting manu- 
scripts because one Gone with the Wind 
will carry many failures. Actually their 
major profits come from the sale of re- 
print, television, and motion picture 
rights—some best sellers return meagei 
profits because of sales promotion costs 
These avenues are not open for techni 
cal books. Textbook 


guess right at least 60 per cent of the 


publishers must 


time. In engineering, sale of only 20.000 
copies over a five- to seven-year life of 
a standard book puts it in the best-sellet 
class. 

On the basis of known o1 
competition, estimated sales, and cost of 


assumed 


production, a selling price is determined 
and revised as necessary before a book 
is put on the market. Obviously a statics 
book having 
40,000 engineering sophomores costs as 


a potential market of all 


much to produce as a structures book for 
the 4,000 civil engineering seniors com- 
prising its field and should be similarh 
priced. Competition and the greater po 
tential volume may lead to a slightly 
lower price for the statics book. Some 
non-college sales to libraries and_ indi- 
viduals can be counted upon to help a 
bit for both books, but if all 15 or more 
competitors of the structures book are 
scooped and the entire market taken 
over, the magic figure of 20,000 copies 
would just be reached in five years when 
a new edition might be needed. This 
analysis disregards sales lost because of 
used books. Some graduate course and 
elective-subject books can only be pub 
lished by college presses, or as prestige 
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items and good-will expressions by the 
larger publishers. A frequent inducement 
to a publisher for this kind of book is 
the possibility of getting a more saleable 
one from the author or his staff later, and 
the need to fill out a list. 


A rough rule of thumb today places 
the retail cost of 
at about two cents per page (depending 
upon potential ) as opposed to approxi- 
mately one cent per page in the 1930 
era. The uninitiated miss the point that 
it costs just as much to pick up a $1.00 
book as a $10.00 book in the stockroom, 
wrap, bill and ship it, probably bill again 


an engineering book 


since book stores are not noted for 
prompt payment on their large inventory, 
and finally credit the account with cash 
book. Advertising and 


handling charges are the same for any 


or a_ returned 


price book, which leads publishers to 
speak of low-price items as “paper sales.” 
Incidentally, college bookstores normally 
order textbooks in July-August or De- 
cember-January and delayed 
billing. They sell most of these books in 


request 


February respectively. 


make re- 


September and 
After the sales period, they 
turns and then pay the balance due on 
their account. In other words, for all 
practical purposes the textbooks are on 
consignment and the publisher is financ- 
ing the inventory. Review or refresher 
books fall in the trade book class. Be- 
cause they are not commonly “adopted,” 
they are ordered and paid for by the 
bookstore. There is a good chance they 
will not be sold for six to twelve months 
and therefore a 40 per cent discount is 
generally given. 


How Much Does the Publisher 
Net Before Taxes? 


The standard bookstore discount is 20 
per cent of the list price, so the pub 
lisher receives $8.00 either postpaid o1 
less postage. The bookstore markup is 
then $2.00 or 25 per cent on its cost, 
perhaps less any postage. On “trade edi 
tion” sales to downtown bookstores, o1 
on single sales to individuals, the double 
pricing system is common. A_ textbook 
selling for $10.00 in the college book- 
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store may cost $12.50 or $13.00 down- 
town, where the book will be stocked 
only if a 33% per cent discount on single 
copies and 40 per cent on two-or more 
copies is allowed. The net to the pub- 
lisher is then $8.00 on the college edition 
and from $7.50 to $8.67 for the trade 
book. The trade and college editions are 
exactly the same except perhaps for the 
dust jacket. 

Supplementary review or refresher 
type 8% x 11-inch paperbacks fall in the 
trade classification and are commonly 
billed at a larger discount, usually 40 
per cent, to stimulate sales and perhaps 
for the special concession of an indi- 
vidual display stand which is furnished. 
Experience shows that the discounts 
given are about the maximum possible 
if reasonably profitable operations are to 
be maintained, but some undercutting is 
in progress presently by two companies. 
Of course a larger discount can be given 
merely by raising the list price as is done 
with the trade edition. Additional costs 
to the publisher will be discussed in later 
paragraphs. 


What Does the Author Get? 


The standard contract for an engineer- 
ing textbook used to provide a stepped 
scale of royalties based upon sales is 
about as follows: 10 per cent of the list 
price on the first 2500 copies sold, 12% 
per cent on the next 2500 copies, and 15 
per cent on all copies over 5000. Usually 
about one-half of this percentage is given 
for foreign sales on which the publisher 
must also accept a lower profit to get 
any business. The full 15 per cent ap- 
plies on all copies of a later edition. 

Competition today enables a success- 
ful author, or a well-known professor 
with an attractive manuscript, to obtain 
a flat 15 per cent royalty. One publisher's 
contract calls for the royalty percentage 
to be applied to his NET price rather 
than the list price, thereby in effect re- 
ducing the author’s return 20 per cent 
(or stated differently, the author would 
get 25 per cent more if he had the stand- 
ard contract), a factor well worth con- 
Royalty 


sidering. 


statements and pay- 
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ments covering sales of the book are is- 
sued twice a year by some publishers, 
once a year by others, so the author al- 
ways knows how his book is doing. For 
those of you interested in engineering 
economy and the time value of money, 
payment once a year is not equivalent to 
royalties twice a year. 

Publishers have strenuously resisted 
pressure by professors with a consulting 
practice or outside interests for large ad- 
vance payments, or a guaranteed lump 
sum amount, for obvious reasons. The 
book may never be finished, it might not 
be publishable if completed, and attempts 
to recover the advance would result in 
bad publicity. Assistance for typing costs 
and perhaps other inducements are some- 
times given to meet the twin competition 
of other publishers and the immediate 
cash return from non-writing activities. 
To enable an author to estimate when he 
will receive the monetary reward for his 
efforts, an arbitrary rule is that about 60 
per cent of the royalties will be paid in 
the first two years, and 40 per cent dur- 
ing the last three years if the life of an 
edition is five years. At the end of five 
to seven years a revision is usually neces- 
sary to up-date the material, but from 
a financial standpoint, the used-book 
market has taken over anyway. Some suc- 
cessful and special books have a longer 
life without revision, of course. 

Most teachers do not realize the ex- 
tent of the used-book business now in 
operation. If adoption of a book is dis- 
continued at any college, the used books 
are collected for pennies and sold to a 
bookstore at a college where it is on the 
required list. This is fine for students ex- 
cept that any printing of the book is sold 
without discrimination, including the 
first one, which always has some errors 
that are eliminated in later printings. 
Furthermore, experience shows that the 
prices charged for battered and marked 
copies are not much lower than for new 
books suitable for building a graduate’s 
library. Students benefit by marking 
their own copies as they study a clear 
“undoodled” book. 

Over a period of years, more conces- 
sions have been given to authors. A 


major one is acceptance by most (but 
not all) publishers of rough pencilled 
sketches rather than the finished ink 
drawings formerly required. Final draw- 
ings are then prepared by the publishers’ 
draftsmen. One publisher still requires 
complete drawings, and if not submitted, 
they are made for the author and charged 
against his royalty account before he 
has one. 


Why Are Books in Fast-Moving 
Fields Partly Obsolete on the 
Day of Publication? 


From the date of submission by the 
author of his final manuscript, to the 
date of publication, six months to one 
vear has elapsed. The time is occupied in 
reviews by one or more authorities 
(which cost the author nothing and 
should be appreciated by him, even 
though critical), editing, preparation of 
galley proof, checking and correction by 
the author, preparation of page proof, 
checking and correction by the author, 
time in the mails back and forth, prepara- 
tion and checking of figures, waiting for 
press time, trimming, binding, setting in 
the case, etc. 

Some publishers withhold books until 
January 1 to obtain the new year copy- 
right date and Library of Congress cata- 
log number and thus may delay issuing 
the book for several months. Under the 
most favorable conditions, six months are 
utilized from final manuscript to publi 
cation but nine months is a good aver 
age. By then, a competent author has al 
ready devised better methods of saying 
and doing things than his book presents. 


What Is the Likelihood That a 
Manuscript Will Be Accepted? 


Some years ago only about two of ten 
manuscripts submitted to publishers 
upon their urging ultimately became 
books, and a smaller percentage of “ur 
solicited” manuscripts made the grade. 
Today almost anything can be published, 
as witness the number of sad examples on 
the market. Some publishers accept sev- 
eral manuscripts in the same area with 
similar or slightly different approaches 
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and thus compete with themselves. 
Others do not. A_ prospective author 
must therefore weigh the advantages 
and disadvantages of perhaps greater 
but divided attention in advertising, 
prestige, and traveller coverage, keeping 
in mind that the newest book or edition 
is naturally going to be given the most 
publicity by the travellers and in ad- 
vertising. 


Common Causes for Rejection 


Probably the two biggest reasons for 
rejection (although not generally told to 
authors) are: 1) The author has made 
so many technical errors or mistakes, as 
indicated by the reviews, that the pub- 
lisher will not take a chance that they 
will be corrected. 2) The author has 
“lifted” a great deal of his material from 
one or more books, frequently uninten 
tionally. 

Two other reasons for rejection are 
(a) Some authors have odd ideas about 
what should go in their books. They may 
refuse the advice of reviewers and pub 
lisher to include problems, examples, o1 
topics covered in most courses for which 
their book could be adopted. Textbooks 
must satisfy teachers who will use them 
—not just the author. (b) Teachers who 
are specialists in a narrow area may place 
too much emphasis and coverage on their 
pet topic. 

Additional common causes for rejec 
tion of manuscripts include 1) writing to 
impress colleagues and authorities in 
stead of for students, 2) writing in what 
appears to be the easiest field just to get 
out a book and satisfy a college require 
ment for advancement, 3) covering a 
limited area such as a laboratory course 
where the equipment and _ tests make 
each school a special situation, and 4 
failing to fit the subject material to a spe 
cific course or courses. Students feel im 
posed upon if they buy more than one 
book per course, hence books designed 
as supplements have rough going. Good 
editorial work can improve construction 
and tighten up loose statements, but the 
basic idea and material for the book 
must be suitable. Lest these negative fac 
tors disturb you as a prospective author, 


remember that there is always room for 
another outstanding book in any area of 
any engineering curriculum. 


How Are Engineering Books Sold? 

College textbooks are sold by direct- 
mail advertising, other advertising, and 
by the publishers’ representatives (the 
college travellers). Actually the travel- 
lers do not “sell” books; rather they make 
certain that teachers hear of their good 
points and existence, and get desk 
copies which normally are preliminaries 
and prerequisites to adoption and use. 
Incidentally, the desire of many teachers 
to get free copies of every book issued, 
and of students to get prohibited solu- 
tions manuals by writing for them on 
purloined college stationery, makes it al- 
most mandatory for publishers to with- 
hold shipment until their local traveller 
can check upon the validity of the re- 
quest. Department heads can preserve 
their school’s reputation and assure that 
authorized staff get complimentary 
copies of books they are entitled to by 
the simple expedient of requiring all re- 
quests for desk copies to go out over 
their signature. Some faculty members 
are really “book bandits” who collect 
books like other people collect match- 
book covers. In a few cases teachers have 
been known to supplement their income 
by selling complimentary books. Grad- 
uate students like to build up libraries by 
using college stationery. All of you are 
undoubtedly aware of other abuses which 
raise the cost of books and may force 
publishers to adopt strict policies on 
complimentary books. Strangely enough, 
some faculty members have recently 
asked that they not be sent books unless 
a copy is specifically requested! 

The advantages to a prospective au- 
thor of proper advertising and traveller 
representation cannot be overempha- 
sized. True, a good book can sell itself, 
but only if teachers know of its exist- 
ence. Some years ago a book was au- 


thored by a friend in one of the writer's 
fields of interest but it was not advertised 
and the company had no travellers. As a 
result, except for a chance meeting with 
the author some six months after pub- 
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lication, availability of the volume would 
have been unknown. It takes an excep- 
tional book to overcome that kind of 
handicap. Conversely, busy teachers re- 
sent the time taken by travellers who 
call three or four times a year with 
nothing new to “sell” or give away. Di- 
rect mail advertising may hit the circular 
file rather quickly, but usually not until 
at least the title and name of the author 
have been seen. Students remember a 
book by the color of the cover; faculty 
by the name of the first author, the title, 
or the color of the cover. Frequently, 
neither the author nor publisher is flat- 
tered by the user’s means of identifica- 
tion. 


What Does the Standard Textbook 
Contract Call For? 


An author who believes a contract as- 
sures publication of his manuscript has 
not read the contract carefully enough. 
The publisher agrees to produce the book 
if it is publishable. And who is the sole 
judge of that? The publisher, of course. 

Publishers of engineering textbooks 
are a reputable group as a whole, but hu- 
man nature being what it is, some have 
been known to sign up several prospec- 
tive manuscripts in the same area, com- 
pare the final results, and publish only 
the best. Colleges do the same thing by 
signing up five assistant professors with 
the expectation of keeping and promot- 
ing only one. One railroad was noted for 
hiring half a dozen men for one real job 
and quickly eliminating the others. For 
publishers, this procedure eliminates 
some competition, at least temporarily. 
The rejected authors may later find their 
material outdated, or the lists of other 
desirable publishers filled. Since the au- 
thor agrees in the contract not to pub- 
lish a similar or competing work, he is 
effectively tied up until he can get a re- 
lease. Most publishers are reasonable 
about releasing reluctant authors on the 
assumption that an unhappy writer is 
less likely to be a successful one. A few 
publishers are noted for stalling on re- 
leases. 


What is the answer to most contract 


problems? Check the sales facilities, book 
list, and reputation and practices of a 
publisher with your colleagues before 
signing, and be certain that any supple 
mentary agreements are written rather 
than verbal. Few misguided teachers ex- 
pect to make a fortune from their book 
but they do want it to be published and 
distributed as widely as possible. The 
satisfaction of seeing serious students 
soak up your words of wisdom is attained 
only if they have a chance to use your 
material. 


When Should an Author 
Sign a Contract? 


College travellers and manuscript pro- 
curers recognize the gleam-in-the-eye, 
the far-away look, the zombie detach- 
ment, the eager attention to the come-on 
approach, “When are you going to do a 
book for us?” that provides an entree for 
the traveller. It flatters the ego to have 
someone think that you could write a 
good book, and real prospects are likely 
to rise to the bait. Tips from other staff 
members, from former or present stu- 
dents, hints by deans and department 
heads who would like to have their stafl 
better known, and a friendly smile for the 
department secretary will frequently un- 
earth the secretive professor with his 
clandestine manuscript. Occasionally a 
person will seek a contract to impress 
his friends or family without any inten- 
tion of actually writing a book. Such a 
grandstand play 
rassment when questions about his prog 


backfires into embai 


ress keep coming year after year 
Whereas twenty or thirty vears ago a 
contract was generally given only when 
all or a part of a manuscript was avail- 
able and had been reviewed, today some 
contracts are given likely prospects on 
the basis of a chapter or two, an outline, 
or perhaps nothing at all except hopes 
and crossed fingers. The merits, if any, 
of this development will not be debated 
herein, but the result has been a more 
intense scramble for signed agreements. 
Because of actual or imagined pressure 
by one or two aggressive companies to 
get signed contracts, some authors try 
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to keep their writing plans and efforts 
secret until the manuscript is completed. 

Experience shows that many first-run 
authors waste considerable time by not 
obtaining free guidance and help from 
a publisher or publishers early in the 
manuscript development. 
about drawings, content, order of ar- 
rangement, style, costly fold outs, pocket 
pages and color sheets, sales possibilities, 
market reactions to given approaches, 
etc., are freely and readily answered. The 
writer has witnessed a number of cases 


Questions 


in which an author wasted hundreds of 
man hours through sheer ignorance of 
one or two basic publication facts of 
life. Older men sometimes spend years 
on a book styled after those used when 
they were undergraduates only to find 
no one is interested. Even with the best 
of guidance an author learns so much on 
his first book, he should utilize his ex- 
perience and knowledge of short-cuts to 
write a second one. 

In a construction contract the owner 
is trving to get the most for his money, 
the builder wants to make the maximum 
profit, and therefore their interests are 
more or less opposed. On the contrary, 
the parties to a book contract are inter- 
ested in the same objective—the best 
book with the greatest profit. Obviously) 
the sooner they can begin to work to 
gether as a team, the better. Any pres 
sure from other publishers ceases as soon 
as a contract is signed. 

The consulting editor for the author's 
subject area is available for suggestions 
and help as desired. Since one consultant 
cannot be an expert in all of, say, civil 
engineering, the publisher is happy to 
get overall and detailed reviews, sugges 
tions, and criticisms from specialists for 
the author as work progresses from out 
line to final manuscript. 


What Rights and Responsibilities Do 
the Author and Publisher Have? 


The author is the final authority on 
content and scope of the manuscript, but 
of course the publisher can refuse to pro- 
duce the book unless his deep convictions 
are met. The publisher has the responsi- 


bility for selecting type style, paper, cover 
design, format and price. When the pub- 
lisher decides a revision is necessary to 
rejuvenate the book, the author must pre- 
pare the revision or the publisher will 
have it done by someone else. The au- 
thor is invited to offer suggestions for 
the advertising material, on type style 
and other matters, and can be helpful in 
the sales effort. He can also be a nuisance 
in his insistence upon costly advertising 
in off-beat publications and media. 

The author must certify that the work 
is an original presentation and contains 
no libelous material. This is best done 
by keeping a careful record of quotes 
and sources of material, and obtaining 
signed releases as the writing proceeds 
instead of trying to collect them later. 
The same is true for permission to use 
photographs and drawings. The index 
may be compiled by the author or by 
a specialist in this task. A copyright is 
taken out by the publisher and is his 
sole property. Contracts normally pro- 
vide, however, that if publication of the 
book becomes unprofitable for any rea- 
son and it is discontinued, the author 
will have the opportunity to purchase 
plates, engravings, and copies of the 
book on hand at a percentage of their 
cost, and have the copyright transferred. 

Charges are made against the author's 
account for alterations required in the 
galley and page proof in excess of ten 
per cent or twenty per cent of the cost 
of composition, independent of the cost 
of alternations. This provision is neces- 
sary to keep an overly ambitious or care- 
less author from trying to rewrite his 
book after expensive composition has 


begun. 


Who Should Write a Book and 
How Long Does It Take? 


Every teacher who has been unhappy 
with the book he is using (and who has 
not?) should try his hand at writing one 
if for no better reason than to recognize 
the impossibility of perfection. There is 
always room for another good book, and 
a publisher ready to produce it. Teachers 
who use handout sheets covering theory 


520 JOURNAL OF ENGINEERING EDUCATION 


and supplementary material have the 
start of a manuscript. Some of the best 
books result from pre-testing the material 
this way. A_ little-recognized danger 
exists in this procedure, however. Notes 
and ideas given out or sold pass into the 
public domain and at least theoretically 
lose their copyright safety unless properly 
protected. A person who has successfully 
written technical articles is a good au- 
thor prospect. Teachers, or former teach- 
ers, are generally preferred by publishers 
since they recognize the need for teach- 
able as well as scholarly books. 

Textbooks having a number of authors 
present a difficult case for the editor in 
attempting to attain a uniform style. 
Their main appeal is in requiring only a 
small amount of work from each author, 
and the assurance of a number of adop- 
tions if each of the authors uses the book 
at his school. 


Too many imponderables enter the 
question of how long it takes to write 
a textbook. Some are compiled in a year 
or less. Others take two, three, five or 
more years. Contracts which run ten 
vears or more seldom bear fruit. Suffice to 
say that a teacher who tries to write a 
book during a nominal forty-hour week is 
kidding himself but not the publisher. 
Unless a person is willing to give up 
nights, weekends, holidays, summers and 
his wife’s companionship for an extended 
period of time, he is dabbling, not writ- 
ing. The writer has suggested to several 
publishers that a gold medal (wearable 
as an “accessory”) be awarded to patient 
wives who suffer with their pregnant hus- 
bands during the birth of a book. A 
nominal royalty percentage would be 
even better except for contract difficul- 
ties. 

Only a relatively few published text- 
books are financially rewarding on an 
hourly consulting basis, but the satisfac- 
tion, recognition by colleagues (and the 
younger staff: members who come _ to 
these meetings anxious to see what that 
character who wrote one of their books 
looks like), and faculty advancement 
make it worthwhile—particularly after it 
is over. 
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Summary 


Book contracts and royalties are sim 
ilar for all companies, the primary ex- 
ceptions having been noted. A prospec- 
tive author should choose a_ publisher 
based upon his own observation and 
evaluation of the publisher’s present and 
proposed list, the college traveller repre- 
sentation and reputation, and advertis- 
ing procedures, as soon as he has an 


outline ready. 


10 STEPS IN TEXTBOOK PUBLISHING 


1. The author has an idea for a textbook 
and begins to prepare a manuscript 


to 


A publisher appraises the manuscript 

material and if it has the necessary 

potential, offers to contract for its pub- 
lication. 

3. The publisher has the manuscript. re- 
viewed by experts in the subject field 
Their suggestions are passed on to the 
author who makes necessary changes 
in his manuscript 

4. The manuscript is copy edited by th 
publisher’s staff who check it carefully 
for inconsistencies, omissions, errors in 
spelling, grammatical errors, et 

5. Finished illustrations are prepared by 
the publisher from the illustration copy 
submitted by the author 

6. The publisher has the manuscript set 
in type and impressions of the type 
called galley proof, are made. Thess 
galley proots are checked by the au- 
thor and the publisher’s staff to locate 
and mark for correction any errors 


7 After the necessary corrections have 
been made in the type it is divided 
into the portions that will print the 
individual pages. Impressions of this 
type, called page proofs, are then 
made. The page proofs are checked by 
the author and the publisher's staff and 
any errors in the type are corrected 
before the printing plates are made 

8. The book is printed in large flat sheets 
called signatures, each of which gen 
erally contain 16, 32, or 64 pages from 
the book 

9. The flat sheets are folded, collated 
sewn together, and the cover applied 


10. The book is promoted ind distributed 
by the publisher who at regular inter 
vals, makes royalty payments to the 
author. 


These comments are based upon pei 
sonal experience gained in writing three 


books and one booklet plus a number of 
revisions, in working for a publisher as 
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his editorial director, and by serving as energy is abundant, extended experience 
a consulting editor, along with 26 years and background are still to come. In 25 
of teaching. One more might be added- years, you will have lots of background 
if I had it to do over again, I would but limited energy. Be sure YOUR book 
Perhaps young engineering teachers can is written before the break-even age is 
solve a very real problem. At vour age, reached. 


PERMISSIONS FORM 


The following is a suggested form letter that you can use in writing to the copyright holder 
requesting permission to use copyrighted material from his publication 


Gentlemen: 


I am in the process of writing a textbook on { subject . May I please have your 
permission to use the material listed below from your copyright publication in my book 
and in future revisions and editions thereof? The source of this material will be acknowl- 
edged in my book. 


(Be certain to give a specific description of the material that you wish to 
use, the exact title, inc luding edition, volume, etc. of the publication, the 
name of the author(s), the name of the publisher, and the date of pub- 
lication. For example: 

Section 11-10 Sources of error. page 204 

Fig. 12-2 Inclined stadia measurement. page 246 

both from ELEMENTARY SURVEYING, 4th Edition, by 

R. C. Brinker and W. C. Taylor, 

International Textbook Company, 1961. 


Your favorable consideration of this request will be greatly appreciated. For your con- 


venience, a release form is typed below. A duplicate of this letter is enclosed for your fil 


Sincere ly yours 


I (we) hereby grant permission for the use requested above of the specified material 


Signature 


Title 


Date 





Chemical Metallurgy and Metallurgical 
Engineering Curricula 


S. A. DURAN 


Chairman, Department of Metallurgy 
Washington State University 
Pullman, Washington 


The rapid strides made in metallurgy 
in the last two decades have created cer- 
tain inevitable problems in the estab- 
lishment of an educational philosophy to 
sustain, or more properly, to lead the 
phenomenal growth of the metallurgical 
profession. 

As evidenced from the variety of cur- 
ricula in metallurgical engineering, no 
one program appears to be exerting a 
strong leadership. Perhaps this situation 
results from a lack of strong professional 
unity. If metallurgy is to take its rightful 
place of leadership among the professions 
representing the family of materials en- 
gineering, we must re-evaluate our edu- 
cational objectives concerning two majo1 
branches of metallurgy—chemical metal- 
lurgy and physical metallurgy. This is 
not easy when engineering education in 
general is undergoing a major change. 
Some of the problems which we must 
solve are common to all branches of en- 
gineering education. All educators will 
agree that the rationale of these educa- 
tional problems is the incompatibility of 
the vast accumulation of theoretical, ex- 
perimental, and empirical knowledge in 
all branches of science and engineering, 
and the shortness of the conventional 
four-year college education. The engi- 


Presented at the American Society 
for Engineering Education Annual 
Meeting, June 1961. 


neering educator has been continually 
conducting experiments for the establish 
ment of educational policies consistent 
with the needs of the new graduates—a 
stronger background in_ basic 
and some studies in the humanities, and 


sciences 


a moderate amount of specialization in a 
designated field of engineering. A few 
years back, the possibility of standardiz- 
ing all scientific and engineering curric- 
ula on a five-year basis seemed to be the 
common thought in the minds of many 
educators. However, in a majority of 
cases this might have accomplished very 
little improvement in engineering educa- 
tion. The tendency to retain existing 
courses for traditional reasons is a strong 
It is likely that the additional time 


would have been used exclt sively to 


one. 


n- 
clude new specialization courses in the 
curricula rather than to increase training 
in the more fundamental sciences. 
Another common problem is the ap 
pearance of certain new engineering cu 


fields 


such as nuclear engineering, and others 


ricula, a few pertaining to new 
representing specialized branches of basi 
fields of engineering. For example, cur 
ricula in hydraulic, sanitary, and welding 
engineering, and electronics are becom 
ing more and more prevalent. There 
seems to be a serious danger in this seem 
ingly disorganized proliferation of cur- 
ricula. A strong and lasting professional 


unity cannot be maintained, and the cur- 
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ricula are prone to become collections of 
highly specialized theories and techniques 
without strong foundations in the basic 
sciences. 

Currently there is a movement to aban- 
don all specialized curricula in favor of 
a single, four-year, basic engineering 
science curriculum. Presumably _ this 
would be followed by one- or two-year 
postgraduate specialization in a selected 
field of engineering. Curricular difficul- 
ties involved in establishing what consti- 
tutes the basic elements of such a core 
curriculum are hard to resolve. Many en- 
gineering educators also feel that an ac- 
ceptable engineering curriculum with 
professional unity results from a four-year 
integration of courses in the basic sci- 
ences, engineering sciences, engineering 
analysis, design, and systems, and the 
humanistic-social courses. They voice a 
strong opposition to any pre-engineering 
program consisting solely of basic and en 
gineering sciences. 

In contrast to the situation existing in 
engineering education, four-year curricula 
in chemistry and physics have changed 
very little over the vears. In these two 
fields, specialization by postgraduate aca- 
demic training has gained wide accept- 
ance because of the flexibility of this ap 
proach in meeting the current needs. In 
practice, curricula in physical sciences 
are laid out extending into the postgrad 
uate years, and a greater number of stu- 
dents are compelled to seek advanced de 
grees to qualify for desirable professional 
positions. On the other hand, the larger 
industrial corporations, anxious to keep 
up with their ever-increasing need for 
trained personnel, are luring away gradu- 
ates of four-vear curricula in sciences and 
in engineering with promises of “on the 
job” advanced training. This is an un- 
healthy situation on many counts. For 
not only do they throw their weight be 
hind the exponents of more basic four- 
vear curricula, but they give to the new 
graduates an advanced training of ex- 
treme narrowness. Our scientific man- 
power is becoming an army of automa 


tons, each person capable of performing 
only a very specialized task. The educa- 
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tional ventures of these companies lack 
the time-honored principles of freedom 
of thought and academic objectivity prac- 
ticed by our institutions of higher learn- 


Ing. 


Trends in Metallurgy Education 


Approaching the problems created by 
the present educational dilemma, metal- 
lurgical educators have been extremely 
cautious in altering their curricula to fol- 
low a current, perhaps short-lived, educa- 
tional trend. An examination of the pres- 
ent curricula in metallurgy indicates that 
many schools have retained a single pro- 
gram in metallurgy while others show a 
cautious tendency to develop a few spe- 
cialized programs. During the last dec- 
ade, the advocates of a single program in 
metallurgy professed that such a pro- 
gram preserves the professional unity and 
purpose, provided that it is built upon a 
broad, sound foundation. When put to 
practice this sound educational policy ac- 
complished very little unity for lack of 
effective integration of the fundamentals 
characterizing the various fields of metal- 
lurgy. Depending on the local conditions, 
generally a compromise was reached in 
which the emphasis was placed on a par- 
ticular branch of metallurgy. ‘A degree 
in Metallurgy or in Metallurgical Engi- 
neering may involve training only in min- 
eral dressing, or in extractive metallurgy. 
or in physical metallurgy. Some curricula 
of this kind were further complicated by 
such academic facilities as options and 
electives. No effort seemed to be effec- 
tive in creating an acceptable balance be- 
tween the major phases of metallurgy by 
rearranging presently available courses 
in a new sequence. A notable exception 
to these uncertain efforts is the classical 
proposal by Schuhmann for the integra- 
tion of the metallurgical education around 
four, principal, scientific themes charac- 
teristic of the field of metallurgy. 

On the other hand, some educators be- 
lieve that metallurgical education can be 


*R. Schuhmann, Jr., “Integration of 
Metallurgical Engineering Education.” 
Transactions AIME, Vol. 203 (1955), p 
647 
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strengthened by re-evaluating independ- 
ently the educational philosophies and 
objectives of each major branch of metal- 
lurgy. However, many of the present spe- 
cialized programs (curricula or options ) 
fail to accomplish the intended purpose 
of effective education. The time gained 
by de-emphasizing instruction in other 
branches of metallurgy is not spent to 
broaden the scientific foundation of these 
curricula, but utilized to include innu- 
merable specialty courses of questionable 
importance. Some of these courses are 
over-grown process courses used to train 
the students in the arts and practices of 
local industries. Described again by 
Schuhmann, a sequence of three courses 
in engineering of extractive metallurgy 
stands as an educationally sound plan in 
improved specialized programs.? Many 
leading universities have taken a similar 
step for their mineral dressing programs. 
Separating it from its traditional associa- 
tion with the metallurgy curricula, they 
regrouped mineral dressing with mining 
to form a new program called mineral en- 
gineering. 

Now the metallurgy education is con- 
fronted with another schism: new courses 
and curricula in materials science. This 
is a trend brought about by the avant 
garde of the metallurgical profession. 
With the elimination of the mineral dress- 
ing courses from many metallurgy pro- 
grams, and the traditional prerequisite 
courses in geology, mineralogy, and even 
mining, the metallurgy programs of a few 
years back consisted of courses in ex- 
tractive metallurgy and in physical met- 
allurgy to which certain newer courses 
have been added in a piecemeal fashion. 
Had we recognized the fundamentals 
characteristic of metallurgy and _ re-de- 
fined our educational objectives under the 
banner of metallurgy, we would have had 
today many more programs in metallurgy 
essentially the same as those proposed as 
materials science or materials engineer- 
ing. And the term materials science 
would have been more universally taken 


*R. Schuhmann, Jr., “The Unit Processes 
of Chemical Metallurgy,” 


AIME, Vol. 185 (1949), p. 321. 
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as being svnonymous with that of metal- 
lurgy. The national trend of setting up 
materials science as a separate entity, 
with the implication that it covers a 
broader basis for all scientific knowledge 
common to all materials, would not have 
come about. This is a revolt against the 
metallurgy programs which do not yet 
recognize the basic elements of metal- 
lurgy as a science and a field of engineer- 
ing. 


New Objectives of Metallurgy 
Education 


Traditionally, metallurgy has been de 
fined as that body of scientific, engineer- 
ing, and technological knowledge con- 
cerned with the extraction of metals from 
ores or from other metal-bearing mate- 
rials, and with the utilization of metals 
for the increasingly diversified needs of 
man. A definition of this type identifies 
metallurgy as a field of engineering with- 
in the mineral industries whose primary 
objectives are to supply raw materials de 
rived from minerals obtained from the 
crust of the earth for the needs of othe: 
industries. With these as objectives, for 
many years metallurgy education has put 
a disproportionate emphasis in the ex- 
tractive and processing phases of metal 
lurgy. It was not uncommon to find 
courses dealing with the production of 
iron and steel, extractive metallurgy of 
copper, or physical metallurgy of alumi- 
num alloys. Today, metallurgy repre- 
sents a highly scientific body of knowl- 
edge built on strong foundations of chem- 
istry and physics. Today, as an applied 
science, metallurgy is concerned with the 
chemical and physical behavior of metals 
—behavior of metals during their process- 
ing and utilization as engineering mate- 
rials in myriads of complex systems serv- 
ing mankind. The new objectives of met- 
allurgy are now well accepted by many 
educational institutions. 


Curricula in Metallurgy 


I shall first discuss how these objec- 
tives, which led to the development of 
current curricula in physical metallurgy, 
are now forming the basis of curricula i: 
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materials science. I shall then proceed 
to show how the concepts effectively used 
for physical metallurgy education could 
be utilized for the treatment of extractive 
metallurgy in undergraduate curricula. 
The ideas which will be developed here 
are intended to promote a common basis 
for the reconciliation of the two trends, 
i.e., specialization vs. integration, and 
thereby to strengthen the unity and pres- 
tige of the metallurgical profession. 

One of the major responsibilities of a 
physical metallurgist is to predict the 
chemical, physical, and mechanical be- 
haviors of metals under the influence of 
external and environmental agents. Cur- 
rent methodology involves the use of a 
structural model for the prediction of the 
observed behavior. “Structure” as used 
here is a generic term and more specif- 
ically may refer to the structure of the 
atom, crystal structure, 
structure, electronic structure, micro- 


impertection 


and macro-structure of metals and solids 
Oftentimes an atomistic structural model 
hypothesizes an internal structure not di 
rectly observable. Similarly for the pre- 
diction of a particular physical behavior 
of a solid, the behavior of the electrons 
governed by the structural concepts of 
band approximation plays a useful role. 
As in other sciences, the advances in 
physical metallurgy came about when the 
seemingly unrelated behaviors observed 
in various alloys were seen to be the man- 
ifestations of a few fundamental phe- 
nomena. For instance, recrystallization, 
a common phenomenon observed in al- 
most all metals as a nucleation and growth 
process, is a unit phenomenon. The sci- 
entific principles governing these “unit 
phenomena” of metals and their engineer- 
ing applications distinguish the field of 
physical metallurgy from other branches 
of science and engineering. The treat- 
ment of these “unit phenomena” at a level 
compatible with the objectives of engi- 
neering education is an important factor 
to consider in the development of a cur- 
riculum in physical metallurgy. Also, the 
implicit fact is that a four-year curricu- 
lum in physical metallurgy should pro- 
duce an engineer. A physicist with solid 
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state training acquired by graduate work, 
or a physical chemist with advanced 
training, may have a better understand- 
ing of certain phases of solid state phe- 
nomena; yet neither is trained in the 
methods of applied science to deal with 
the complexities of the metallurgical sys- 
tems. A curriculum of physical metal- 
lurgy cannot be characterized by its in- 
clusion of thermodynamics, solid state 
physics, and physical chemistry, for these 
basic sciences are common to a variety of 
curricula in applied sciences (i.e. engi- 
neering). An observed phenomenon may 
be of the structural nature, such as the 
structural changes brought about by a 
solute atom in the lattice of a solvent 
metal. Other phenomena may result 
from the external conditions such as tem- 
perature and pressure responsible for the 
equilibrium of phases and from the dis- 
turbance of these equilibrium conditions. 
Force, one of the external agents—for that 
matter also an internal agent—brings 
about certain very important phenomena 
observed in the deformation of solids. 
When equilibrium is disturbed, rate of 
approach to equilibrium, consistent with 
the principles of thermodynamics and ki- 
netics, embodies a group of observable 
phenomena forming the basis of very im- 
portant properties in the utilization of 
solids. Therefore, for a thorough study 
of the behavior of solid metals, a curric- 
ulum in physical metallurgy should be 
organized to include a series of interme- 
diate courses, each dealing with a group 
of related “unit phenomena.” The groups 
of phenomena characterizing the field of 
physical metallurgy are: (1) structure of 
metals, (2) phase equilibrium in metallic 
systems, (3) deformation of metals, (4) 
solid state reactions, and (5) physical 
properties of metals. If we substituted 
the word “metals” with “solids” we would 
have the basic features of a program in 
materials science. A course in metallurgy 
today entirely devoted to phenomena in- 
volving only metals is difficult to con- 
ceive. One cannot discuss the ring mech- 
anism of diffusion without dealing with 
the ionic structure and ionic bonding 
Structural point defects such as “elec- 
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trons” and “holes” are more appropri- 
ately discussed in connection with the 
electronic behavior of semiconductors. 
Motions of imperfections are conveniently 
studied in such crystals as lithium fluo- 
ride. 

Now the question of the place of ex- 
tractive metallurgy in an undergraduate 
curriculum can be discussed very easily. 
If we redefine this branch of metallurgy 
as one involving the physico-chemical 
behavior of metals in all three states of 
aggregation, it would be wiser to label 
it “chemical metallurgy” rather than “ex- 
tractive metallurgy.” A progressive cur- 
riculum in chemical metallurgy dealing 
with engineering applications of the phys- 
ical chemistry of metals will serve not 
only the needs of technologies involving 
the extraction and refining of metals, but 
also those of other technologies such as 
nuclear power, electronics, and missiles, 
in which a thorough knowledge of the 
physical chemistry of metals is of tremen- 
dous importance. With these redefined 
objectives, many of the physico-chemical 
principles involving metals are funda- 
mental to serve the needs of both chemi- 
cal and physical metallurgy. Of the five 
groups of phenomena mentioned above 
for physical metallurgy, we find subject 
matter of the first two to be a common 
core upon which more specific studies 
could be based. Regardless in what cur- 
riculum it may be placed, a course in 
structure of metals should include con 
cepts of structure for liquid matter. Stud 
ies in phase equilibrium based on the 
thermodynamic _ free-energy 
tion approach and taught from a funda- 
mental point of view should be useful to 
all metallurgists. Similarly the principles 
of chemical thermodynamics and kinetics 


concentra- 


are equally applicable to reactions involv- 
ing aqueous solutions, molten solutions, 
and solids. The topics left outside of this 
common core are the detailed study of 
chemical reactions involving metallic sys- 
tems for chemical metallurgists and for 
physical metallurgists, the topics in de- 
formational and physical behaviors of 
solid metals, and solid state reactions. 


Disregarding the organization of the 
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present courses (and textbooks) in metal- 
lurgy, a curriculum could be built upon 
the following integrated, sequential study 
in the scientific and engineering elements 
of metallurgy: 

l. Basic Mathematics 
through differential equations, chemistry 
through physical chemistry, and physics 
through a course in modern physics, in- 
cluding elements of solid state physics 


sciences - 


2. Engineering sciences—Mechanics ot 
solids, mechanics of fluids, elements of 
thermodynamics and rate processes, and 
electrical sciences. 

3. Common core metallurgy courses— 
Structural metallurgy including the prin- 
ciples of diffraction methods, and chemi- 
cal thermodynamics and phase equilib- 
rium applied to metallic systems. 


Beyond this core program the student 
should be given the opportunity to pursue 
his studies in the branch of metallurgy 
most suited to his capabilities and inter- 
ests. Remaining courses of the under- 
graduate program in metallurgy should 
consist of more advanced topics in chem- 
ical metallurgy and in physical metal- 
lurgv. These courses should go beyond 
the scientific bases of metallurgy and 
should be helpful for the analysis and 
synthesis of complex engineering systems 
or processes. The chemical metallurgist 
needs a comprehensive course in unit 
phenomena of chemical metallurgy and a 
course in process design. His elective 
courses should deal with more advanced 
topics in thermodynamics and _ kinetics 
applied to the recovery of metals from 
aqueous solutions, by igneous fusion, 
electrolysis, including also recent ad 
vances in ion exchange and solvent ex 
traction, recovery of rare metals, fused 
electrolytes, etc. 

Best advanced courses for the physical 
metallurgy major would be in the areas 
of deformation of metals, solid state re 
actions, and physical properties of solids 
Phenomenological, structural, and atom 
istic treatment of elastic and plastic de 
formation, from the point of view of dis- 
location models, should be included in the 
deformation course, together with factors 
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affecting the mechanical properties of 
metals. The solid state reaction course 
should be treated from an_ integrated 
point of view of the structures, thermo- 
dynamics, and kinetics of diffiusion-con- 
trolled and of shear-type reactions such 
as nucleation and growth, boundary mi- 
gration, eutectoid and martensitic trans- 
formations. In the physical properties 
course, the student’s knowledge gained 
from an introductory course in solid state 
physics should be extended to include a 
more comprehensive treatment of free 
electron and band theories of solids, theo 
ries of alloys, cohesion, and electrical, 
magnetic, and thermal behavior of met 
als. A final step in the undergraduate 
training of a metallurgist should be in 
senior courses integrating the scientific 
and engineering aspects of metallurgy. 
This should ke accomplished not only in 
formal courses in metallurgical processes 
and in metal processing but by seminars 
and research dealing with actual engi 
neering problems. 

A curriculum in metallurgy should pro 
vide the opportunity for the general edu 
cation of the student throughout his four- 
vear college career. Courses in the com 
municative arts, English composition, and 
speech, introductory as well as more ad 
vanced courses in humanities and social 
sciences should be included 

Curricula in chemical metallurgy and 
in physical metallurgy embodying the 
ideas developed above meet the criteria 
for the accreditation of engineering cm 
ricula. Washington State University has 
been offering a curriculum in physical 
metallurgy since 1936 and a B.S. degree 
in physical metallurgy since 1941. The 
concepts presented in this paper have 
been the basis of the current program in 
physical metallurgy since 1954. The 
courses in this program are based on ex 
tensive educational testing and experi 
mentation during the last 10 years. This 
was done to determine the level and ef 
fectiveness of instruction (especially rela 
tive to certain advanced topics rarely 
covered in conventional undergraduate 
courses elsewhere) and to evaluate the 
degree of realization of the educational 
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objectives, i.e. the quality and accom- 
plishments of the graduates. 

Parallel to this separate curriculum in 
physical metallurgy, Washington State 
University has been offering for many 
decades a traditional course in extractive 
metallurgy leading to the conventional 
B.S. degree in metallurgical engineering. 
Two years ago a new chemical metallurgy 
program, based on the concepts proven to 
be successful for the development of the 
physical metallurgy program, was initi- 
ated. We feel that a sufficient number of 
schools in the United States are doing an 
excellent job in training extractive met- 
allurgists. On the other hand, schools 
having specialized programs in physical 
metallurgy or in materials science are in 
an excellent position to serve the needs 
of those students who are interested in 
the chemical behavior of metals, that is 
for the training of chemical metallur- 
gists who need not work as extractive 
metallurgists. 

The concepts presented here are not 
new; therefore the author should not re- 
ceive credit other than for presenting 
them in the context of the present ques- 
tion relative to the place of chemical met- 
allurgy in a metallurgy or materials sci- 
ence undergraduate program. Whether 


a school offers a degree in metallurgy o 


materials science (options in ceramics, ex 
tractive metallurgy, or physical metal- 
lurgy), a student generally labels himself 
in terms of his interests and goals in life 
It is therefore highly desirable to allow 
a student to specialize in the area of his 
free choice. It is hoped that the ideas 
presented here will stimulate interest in 
the development of specialized curricula 
in other fields of materials engineering 
without departure from current criteria 


for increased training in fundamental 


sciences. 


Conclusions 


\ metallurgy program as described 
here is founded on a broader foundation 
of physical sciences (physical chemistry 
and solid state physics) as a result of 
elimination of courses in geology, miner- 


alogv, and mineral dressing, usually in- 
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cluded in the training of general metal- 
lurgists. This program emphasizes a unit 
phenomena approach in the presentation 
of the subject matter of metallurgical 
principles. It encourages also a more 
quantitative treatment of the undergrad- 
uate courses, with the introduction of 
certain requisite sciences and their useful 
methods as integral parts of courses in 
physical and chemical metallurgy. It inte- 
grates scientific and engineering aspects 
of both branches of metallurgy through 
the use of unit phenomena analysis of 
complex engineering structures and proc- 
esses. Dividing the courses in the pro- 


acterize metallurgy brings forward the 
close relationship that exists between cur- 
ricula in metallurgy and other materials 
engineering. The materials science cur- 
ricula may be here to stay, but we must 
not forget that this science stands here 
today as a result of many metallurgists’ 
contributions over the last two decades to 
the advances in the physical chemistry 
and solid state physics of metals. We feel 
that two separate undergraduate curric- 
ula in metallurgy are highly desirable for 
the training of metallurgists with broade1 
understanding of applications of physico- 
chemical principles to engineering prob- 


gram into five general areas which char lems. 





DEAN OF RESEARCH AT CARNEGIE TECH 


A new position—dean of research—has been established by the board of trustees 
of Carnegie Institute of Technology. Dr. Edward R. Schatz, formerly associate dean 
of the College of Engineering and Science, has been appointed to the new deanship. 
He will be an administrative officer reporting to the president and serving on the ex- 
ecutive board. 

Dr. Schatz’s primary responsibility in his new job will be to aid faculty members 
in obtaining support for research projects they wish to undertake. He will provide a 
liaison between faculty members and those agencies of government, industry, or foun 
dations interested in research. Secondarily, he will keep informed of legislation and 
other governmental activities which involve aid of any kind to higher education— 
scholarships, fellowships, buildings, loans, as examples. He will also help in recruiting 
new teachers for Carnegie Tech. 





NEW CURRICULUM AT BROOKLYN POLY 


A new undergraduate degree program in industrial engineering beginning with 
the fall term at the Polytechnic Institute of Brooklyn has been announced by Dr. John 
G. Truxal, vice president for educational development. 

According to Dr. Truxal, it will be the first time a Bachelor of Science degree in 
industrial engineering will be offered at the 107-year-old Institute. Industrial engi 
neering courses, however, have been offered at the college since 1915. 

As a new program, the industrial engineering curriculum includes several inno- 
vations in industrial engineering education. Some of the unique aspects include em 
phasis on computers and systems design; experiments designed and executed by the 
students; opportunities for individual study; an intensive study of psychology, sociol 
ogy, and anthropology, and emphasis on quantitative techniques. 


Professor Daniel Duffy, director of the program, said that among the courses 
offered are: “Statistical Methods for Industrial Engineers,” “Design of Experiments,” 
“Experimental Laboratory I and II,” “Industrial Engineering Analysis I and II,” and a 
course entitled, “Special Projects.” The latter deals with a study of the important 
work in industrial engineering or a related field on an individual basis. 
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This essay is addressed broadly to all 
who are concerned with the education 
of engineers and scientists, and specifi- 
cally to those who, like the writer, are 
engaged in teaching the humanities and 
social sciences to students whose domi 
nating interests lie in the other of Si 
Charles Snow’s Two Cultures. I am sure 
we have all been conscious of the fre 
quent patronizing sympathy of our col- 
leagues in the liberal arts schools deplor- 
ing our lack of opportunity to work with 
“majors” or to conduct seminars in our 
“fields.” The condescension is misplaced 
We are actually in the enviable position 
of being one of the few groups in a po 
sition to stop talking about uniting the 
two cultures and start doing something 
about it. 


We stand between the extremists on 
that all we need to 


do is proliferate science and technology 


one side who insist 


in the happy belief that we will thereby 


stumble on (or over) solutions for all 


our problems, and those on the other 
bemoan the intrusion of the 


side who 


technologist into our culture and wish 
he would go away. We might as well face 
the fact that he is not going to go away, 
unless as part of an abrupt process in 
which all the 


him 


go with 
In the middle ground which I be 


rest of us will 


Presented at the joint dinner of 
the Humanities and Social Science 
and the English divisions, ASEE, 
Lexington, Kentucky, June 26, 
1961. 


lieve we occupy, the great opportunity 
which faces us is to develop more fully 
than we have done so far an understand- 
ing of the social and cultural effects of 
scientific and technological change. 

To do so we do not need to delve 
into the abstruse regions of either science 
or engineering; in fact, we should miss 
the point if we tried. What we want is 
to create as broad an appreciation as 
possible of the ways in which technology 
has affected our day-to-day living and 
thinking, and this can best be accom- 
plished by looking first at the technol- 
ogies which have become familiar fea- 
tures of our environment and which we 
have come to use casually without think- 
ing very much about them. 


The Case of the Horseless Carriage 


As an example, let me submit the case 
of the horseless carriage. If we look back 
over the first sixty years of the 20th cen- 
turv, there are good grounds for regard- 
ing the gasoline automobile as the most 
significant technological factor of this pe- 
riod. There have been more spectacular 
but had 
anything approaching the same pervasive 


feats, none which has as yet 
influence on every aspect of our culture. 

lo begin with, the horseless carriage 
offers us a conspicuous example of the 
risk of prophesying, especially of trying 
to predict the consequences of techno- 
logical change. There is, for instance, the 
editor of some seventy-odd years ago 
who, deploring the death of a prominent 
citizen who got involved with a runaway 
horse, said, 
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“The motor vehicle will not shy or run 
away. These frightful accidents can be 
prevented. The motor vehicle will do 
ie 

Or a few vears later: 

“Automobiles may solve the traffic 
problem. It looks as if one of the vexing 
problems of municipalities, that of in- 
creasing the pavement space to prevent 
the congestion of traffic, will work out 
through the automobile. Every city of 
any size has had the question forced on 
its attention, but the more general use of 
the automobile would allow putting off 
consideration of it for years enough to 
bring out some new method of handling 
street traffic without disturbing existing 
building lines. At that time, with auto- 
mobiles in general use, we will have 
thought out some plan that will relieve 
the congestion in a manner undreamed 
of now.”? 


On the other hand, Southern Califor- 
nians at least will respect the prescience 
shown in 1896 by Pedro Salom, one of 
the first builders of electric automobiles. 
He observed that electric cars have no 
odor, “while all the gasoline motors we 
have seen belch forth from their exhaust 
pipe a continuous stream of partially un- 
consumed hydrocarbons in the form of a 
thick smoke with a highly noxious odor. 
Imagine thousands of such vehicles on 
the streets, each offering up its column 
of smell." 

The plain fact is that no one could pos- 
sibly have foreseen the full consequences 
of the horseless carriage. I doubt if we 
are fully aware of them even now. We 
could all agree on some: the introduction 
of the assembly line and _ full-fledged 
mass production, the accentuation of 
population mobility, the expansion of 
Suburbia, the traffic problem, and so 
forth. Among the intelligentsia the auto- 
mobile is the symbol of the alleged ma- 


* Horseless Age, Vol. 1, No. 8 (June, 
1896), p. 10. 

* The Automobile, Vol. 20, No. 4 (Janu- 
ary 29, 1909), p. 196. 

Pedro Salom, “Automobile Vehicles,” 
Journal of the Franklin Institute, Vol. CXLI 
(1896), p. 289. 





JOURNAL OF ENGINEERING EDUCATION 





Vol. 52—No. 8 


terialistic American 
life and the automobile industry conse- 
quently has become a favorite target ot 
the school of thought which bleeds foi 
the common man in the abstract but in 
practice regards the ordinary individual 
as a witless dolt who cannot be trusted 
to make intelligent decisions and there 
fore should have his money spent for 
him by the government in ways accept 
able to a self-appointed elite. 


preoccupation — of 


Nevertheless, for these sixty years 
Americans have been making, buying 
using, and cherishing motor vehicles 
and they give no present indication of 
being disposed to discontinue these prac 
tices. The gasoline automobile is an im 
migrant, but, like many another immi 
grant, it has been very thoroughly nat 
uralized. For the most striking illustra 
tion, we can go back thirty vears, to the 
depression days which some of us are old 
enough to remember. The annual pro 
duction of motor vehicles of all tvpes de 
clined from 4,337,000 in 1929 to 1,332 
000 in 1932, a drop of about 80 per cent 
During the same period, motor vehicle 
registrations fell from 26,500,000 to 23, 
877,000, or just about 10 per cent. In 
other words, even in a time of extreme 
economic crisis, Americans hung on to 


their cars. 


Some Affected Areas 


Suppose then we consider some of the 
areas of American life which have been 
affected by the horseless carriage. Of 
necessity this will have to be an extensive 
rather than an intensive survey 


The industrial achievement is undoubt 
The number ot 
motor manufactured in the 
United States since the first Durvea ca 
bounced along the streets of Springfield 
Massachusetts, in 1893 is on the order of 


edly the most familiar. 
vehicles 


185 million, or about one for every man 
woman, and child in the country—and | 
am sure all of us have been convinced 
at one time or another that all these ve 
hicles are still on the highwavs. The at 
tainment of these figures gave us the 
technological revolution of full-fledged 


mass production. Besides the assembl\ 
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line itself, the requirements of the auto- 
mobile industry have been directly re- 
sponsible for the introduction of the man- 
ufacture of alloy steels into the United 
States, the continuous process method of 
making plate glass as well as the develop- 
ment of safety glass, the continuous strip 
mill for rolling sheet steel, and quick- 
drying paints and lacquers. The petro- 
leum and rubber industries were trans- 
formed by the advent of the horseless 
carriage, and our outstanding authority 
on the history of machine tools has this 
to Say: 


“A volume should be written about 
machine tools and the automobile indus- 
trv. In no industry has the technical de- 
velopment of tools been so crucial to all 
its aspects, and no industry has had such 
a great effect on the far smaller machine 
tool industry. Not only did the automo 
bile industry after 1900 become the larg 
est single customer of the machine tool 
industry, taking 25 to 30 per cent of the 
output, but it actually increased its vol 
ume consistently. . . . Because the auto 
mobile manufacturers very early utilized 
the techniques of mass production to ob 
tain large volume, they required and 
could afford more extensive use of highly 
specialized machine tools.”4 


For general economic effects we might 
simply consider what the motor vehicle 
has done to rail traffic. The private pas 
senger automobile early in its career 
a complete knockout over the 


trolley car and has a victory on points 


scored 


over railroad passenger travel, with, of 
course, some help trom the motor bus 
Freight traffic is a different storv. The 
automobile industry is a major user of 
the railroads, and the loss of traffic to 
trucks appears to be finding some com 
pensation in the piggy-back hauling of 
trailers. In anv event. highway trans 
portation has become an_ indispensable 
element in our national economy. As 
one item of evidence, the size and power 
of the Teamsters’ Union would seem to 


provide ample testimony that this is so. 


‘Robert S. Woodbury, History of — the 
Grinding Machine (Cambridge,  Mass.. 


1959), p. 120. 
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Social and Cultural Effects 


If we turn to the social and cultural 
effects of the automobile, we are in an 
area of bewildering magnitude. I spoke 
earlier of the growth of Suburbia. Per- 
haps only a few American cities are in 
quite the same situation as Los Angeles, 
accurately described as a collection of 
suburbs in search of a city, but all of 
them are facing the same problem of de- 
cline in the center and growth on the 
outskirts, due almost exclusively to the 
automobile. Much as we may sympa- 
thize with the difficulties that city au- 
thorities face, we can hardly regard as 
undesirable a process which enables peo- 
ple to have some elbow room. I will not 
go so far as to endorse some of our sub- 
urban developments on aesthetic grounds, 
but they still have the edge over the city 
tenement. 


We commute by automobile, we shop 
by automobile—the first consideration in 
planning the shopping center is the pro- 
vision of ample parking space—and for 
entertainment we go to a drive-in movie. 
Our children go to school by automobile, 
unless they have reached that trying age 
at which they do their own driving, and 
courtship without an automobile has be- 
come virtually extinct. 


Even this much of our motorized so- 
ciety offers major problems of evaluation 
if we try to weigh good features against 
bad. We have convenient and flexible 
transportation, and in using it as freely 
as we do we pollute the atmosphere. We 
build magnificent highways and multiply 
traffic congestion. We can travel at will, 
so we take the car when we want to mail 
a letter at the box a block away, and we 
suffer from lack of exercise. 


These are merely some of the more ob- 
vious aspects of the influence of the 
horseless carriage. To go farther, what 
does the sociologist make of the variety 
of automotive cults? There are, for in- 
stance, the antique automobile enthusi- 
asts, the sports car addicts, the devotees 
of foreign cars, the hot-rodders, the drag- 
racers, the customizers, the jalopy oper- 
ators. Some of them speak a language 
all of their own, in which the carburet- 
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ors become “pots,” cars “peel rubber” 
instead of just starting and a V-8 engine 
is a “bent eight.” I might explain that I 
owe what limited knowledge of this vo- 
cabulary I possess to my son, who re- 
gards my own automotive studies with 
kindly tolerance as interesting antiquarian 
dabblings which have not equipped me 
to identify at a glance the make, model, 
and year of any car we encounter on the 
highway. 

The place of the automobile in litera- 
ture and the arts is much too broad a 
subject for any extended consideration 
here; I can merely point out that it exists. 
The horseless carriage was only a few 
years old when people were singing 
about “My Merry Oldsmobile,” and a 
good deal of artistic effort, some of it 
palpably misguided, has gone into auto- 
mobile styling. Some literature has taken 
the motor car as its theme—“The Solid 
Gold Cadillac” comes immediately to 
mind. More often, and I think more sig- 
nificantly, the automobile occupies an 
important place almost unconsciously. 


As a conspicuous illustration, consider 
The Grapes of Wrath. The Joad family 
car is actually one of the principal char- 
acters in the novel, and it is a fascinating 
commentary on American life that John 
Steinbeck and his readers simply took it 
for granted that a family of dispossessed 
tenant farmers would own an automobile 
—old and decrepit perhaps, but still op- 
erative. 

In fact, when Steinbeck’s novel was 
made into a movie, it was seized on joy- 
ously by the Russians and shown through- 
out the Soviet Union as a demonstration 
of the ills of American society—for about 
six weeks. Then the film was suddenly 
withdrawn. Why? It would be nice to 
think that Russian audiences had the per- 
spicacity to realize that only a free soci- 
ety—and may I suggest that in the light 
of history this term is virtually synony- 
mous with “capitalist society’—would 
dare indulge in such candid self-criticism. 
That, however, is expecting too much of 
movie audiences anywhere. The expla- 
nation is much simpler. What impressed 
the Russian people was the visual evi- 
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dence that these down-trodden victims of 
American capitalism were able to own 
and operate an automobile, something 
well beyond the reach of the ordinary in 
habitant of the proletarian paradise. In 
effect, they saw what Father Bruckbe: 
ger has expressed so effectively in the 
Image of America, that the real revolu- 
tion of the 20th century is not Marx’s 
but Ford’s. 


The Challenge of Compartments 


I hope I have said enough to be able 
to return to my original point: namely, 
that as teachers of the humanities and 
social sciences to students of engineering, 
we have facing us one of the greatest 
educational challenges, and at the same 
time one of the greatest educational op 
portunities of our day. The problem has 
been well stated by Professor Robert S. 


Woodbury of M.I.T.: 


“Courses in history, in philosophy, o1 
in literature are fairly frequent in most 
engineering and scientific schools, but it 
is amazing to see how well the student 
can do in them and manage to keep them 
in watertight compartments completely 
separated from the rest of his studies. It 
is definitely a mistake to assume that, be 
cause a man has been exposed to eco- 
nomics, to history, to literature, to phi- 
losophy, or to the fine arts, he is there 
fore an educated man. The courses 
which are aimed at educating the stu 
dent must be closely coordinated with 
those which train him technically. It is 
not sufficient that his cultural courses 
form a coherent whole in themselves. It 
is necessary that his entire training form 
a consistent whole aimed at producing 
the educated scientist or engineer.”® 

Now I do not wish to propose for a 
moment that all liberal arts studies at 
engineering colleges should be given a 
technological orientation. Far from. it 
It is essential for our students to be 
made aware that science and technology 
do not encompass all of existence. It is 
also, however, essential that they become 


* Robert S. Woodbury, “Science, Engi- 
neering and the Humanities,” Technology 
Review, Vol. 61, No. 3 (January, 1959 
p. 156. 
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aware that the differential equation and 
the sonnet are not features of separate 
and completely 
This is the area I wish to have us explore 
carefully and prayerfully, because it ap- 
pears self-evident that most of the vital 
decisions in the years ahead are going to 
be made by scientists and engineers, or 
on the basis of what scientists and engi- 
neers tell us can be done. It therefore 
becomes imperative that the scientific 
and humanistic worlds should have some 
understanding of each other 
“scientific” and “humanistic” do not 
really express the full meaning I wish to 
convey; they are the best available alter- 
natives to elaborate and confusing defi- 


unrelated existences. 


(The terms 


nitions. ) 

I have tried to use the motor vehicle 
as an illustration of a possible, and I be- 
lieve promising, approach to this prob- 
lem. Here is a familiar technological fact 
which has transformed our living habits 
in an astonishingly short period of time; 
there are people still living who were 
born before Daimler and Benz ran their 
first crude vehicles on the highways of 
Imperial Germany. With the horseless 
carriage the relationship between tech- 
nology and society, or if I may be per 
mitted a plug, technology and culture, is 
easy for all of us to discern and accept 

There are plenty of other areas of tech- 
nology which will serve the purpose just 
as well: the radio, the telephone, or the 
electric light, for instance. We can al 
ways make the subject more compli 
cated if we want to—for academicians 
this is a routine exercise—but it seems to 
me to make sense to begin with the items 
which have obviously become part of our 
daily lives. 

What I would really like to see is a sys- 
tems approach, beginning with the phe- 
nomenon of invention and the process of 
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innovation and then following every ave- 
nue along which the influence of the 
gadget in question can be traced. 

There is, of course, no universally ap- 
plicable formula for incorporating a pro- 
gram of this type into a college curricu- 
lum. At Harvey Mudd College we are 
going to experiment with a senior sem- 
inar entitled “Science and Man’s Goals.” 
Its theme will be the impact of science 
and technology on both the thought and 
the functioning of contemporary civili- 
zation, and classes will be conducted 
jointly by a member of the Department 
of Humanities and Social Sciences and a 
member of the engineering or science de- 
partments. We think the idea will work, 
but ask me more about it a year from 
now. I am not trying to sell this proce- 
dure as a model; each institution and 
each discipline would have to be gov- 
erned by its own particular situation and 
I personally would regard uniformity as 
neither possible nor desirable. 

Nevertheless, the opportunity is of- 
fered to us to take a significant step in 
education by a systematic effort to dem- 
onstrate, if I may paraphrase Thomas 
Jefferson, that we are all scientists and 
we are all humanists. The notion that 
students of science and engineering have 
no interest in culture is sheer nonsense. 
They have a very strong interest and 
some of it can certainly be channeled 
into discovering that the area between 
the two worlds is not unbridgeable 
chasm, but is in fact the territory where 
most of us live. 

The effort is worth making. Who 
knows, we may succeed beyond our wild- 
est expectations. We may even persuade 
some of our humanistic colleagues that 
there is nothing intellectually disreputa- 
ble in knowing something about technol- 


ogy. 


ASEE ANNUAL MEETING — JUNE 18-22 
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In the basic statement adopted by 
ECPD in 1933, on which the 
structure of accreditation 
following are the first three principles: 

1. The purpose of accrediting 
shall be to identify those institutions 
which offer professional curricula in 
engineering worthy of recognition as 
such. 

2. Accreditation shall apply only 
to those curricula which lead to de- 
grees. 

3. Both undergraduate and grad- 
uate curricula shall be accredited. 
The experience of almost thirty years 

has confirmed the 
principles. Only in the lack of graduate 
accreditation have they not been fully 
instrumented. When accreditation of en- 
gineering curricula was initiated in the 
mid-thirties, the exclusive concentration 
of attention on the undergraduate cur- 
riculum was clearly altogether adequate 
to meet the needs of the profession. It 
was anticipated, of course, that the al- 
ready developing area of graduate study 
in engineering might conceivably come 
within the domain of active concern, but 
for many reasons this possibility has not 
been carried forward. 

At present, it is becoming increasingly 
evident that the undergraduate training 
of engineers will be insufficient in many 
cases for an academic preparation for the 
engineering profession. Education be- 
yond the bachelor’s degree has become a 
major feature of our operations. 


soundness of these 


Presented at the Annual Meeting 


of ASEE, June, 1961. 


whole 
is based, the 


The importance of graduate study has 
been fully 
ASEE, as 
Each of these has contributed to one o1 
another of the aspects of the situation 


recognized in the past by 


various studies demonstrate. 


and all of them are well worth reviewing 
at a time when the future of graduate 
study may be reexamined. Each of the 
general evaluation studies culminating in 
the Grinter report has given much atten- 
tion to this area, and these studies have 
provided valuable guides for growth and 
development. More specifically, 
ence should be made to the Manual of 
Graduate Study in 
pared in 1945 and revised in 1952, and 


reter- 
Engineering, pre 


also the study on Facilities and Oppo 
tunities for Graduate Study in Engineer 
ing, which appeared in 1958.! In spite 
of the fundamental importance of these 
earlier efforts, the changing scene in e1 
gineering requires still another look at 
advanced study in engineering 


’ ] 
Graduate work in engineering in this 


country is almost as old as academi 
work at any level. Both master’s and doc- 
tors degrees in engineering were offered 
almost one hundred years ago. However, 
it is only within the past thirty or fort 
vears that a significant growth has oc- 
curred. This development clearly follows 
the very 
undergraduate 
Thus, the background is one which dif- 


fers fundamentally from the development 


strong earlier establishment ot 


engineering programs. 


in other professional fields where the 


‘These publications are available from 
the Secretary, ASEE, University of Illinois, 
Urbana, Ill., for a 25-cent handling charg 
per copy 
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established programs have appeared at 
the advanced rather than the under- 
graduate level. In fact, it is only in the 
most recent years that any substantial 
question has arisen regarding the suf- 
ficiency of the undergraduate program in 
engineering for professional practice. 

As a consequence of this historic pat- 
tern, graduate work in engineering has 
not been under pressure to meet im- 
mediate needs of professional practice. 
In certain specialized areas it became 
clear that advanced studies could be ad- 
vantageous as in any academic field, but 
these were pursued in the spirit of aca 
demic inquiry more often than that of 
professional development. In the ma- 
jority of cases, such work has been, in 
tact, carried On under the auspices of 
graduate schools rather than the protes 
sional schools of engineering. There have 
been many benefits from this pattern. 
Certainly, there has been less restraint 
from the pressures of professional prac 
tice, and there has been In many Cases 
easv and effective communication with 


advances in science. 


In addition to this trend, which has be- 


come even more dominant in recent 
vears, there developed some vears ago a 
plan of awarding advanced professional 
degrees by the engineering schools. These 
were intended largely to certify the at 
tainment of a high degree of competence 
in professional practice as evidenced 
partly by 


generally by completion of projects ot 


advanced studies, but most 


acceptable professional level. Various fac- 
tors have contributed to the decrease in 
use of these degrees, but probably chief 
among them have been the increase in 
use ol professional registration and the 
greater importance being attached to the 
other type of graduate degree 


In recent years, an additional factor 
has entered the picture with a dominant 
effect on practices and programs in 
graduate study. In one form or another, 
the overwhelming proportion of graduate 
students in engineering are employed. 
Many of these have full-time jobs in in 
dustry and pursue their studies in the 
evening or under special arrangements 


for meeting classes at other times. A 
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large number of graduate students are 
employed by the educational institutions 
on sponsored research activities; such 
situations, while permitting a much 
greater amount of contact with the aca- 
demic environment, still introduce ele- 
ments into the picture not formerly exist- 
ing. The employed student operates un- 
der a different pattern of motivations 
from those formerly active for the full- 
time graduate student, and there is un- 
certainty as to how much he wishes to 
or can partake of the free academic spirit 
of the graduate school. Furthermore, 
many of these employed students attend 
off-campus centers which further remove 
them from a traditional environment. 
Yet, there is a constant demand for ad- 
vanced study, and the complexity of 
services to be provided will without doubt 
increase. 

Since the appearance of the report, 
Evaluation of Engineering Education, 
many of our leading engineering schools 
have moved strongly in the direction of 
an undergraduate program emphasizing 
fundamental aspects of applied science as 
well as engineering analysis and design 
in a manner which anticipates subsequent 
formal training in a specialized direction. 
Che recent “Report on Objective Criteria 
in Nuclear Engineering Education” clea 
ly states that, in general, undergraduate 
training should be preliminary to the nu- 
clear engineering concentration at the 
graduate level. Similar trends are equally 
apparent in other fields such as sanitary 
engineering. In fact, in almost every 
field the student who aspires to work in 
research or development must acquire 
knowledge pertaining to his specializa- 
tion either at the graduate level or in a 
formal training program within industry. 


It is very probable then that we shall 
see developing at the graduate level a 
series of programs parallel to those al- 
ready existing with their emphasis on ap- 
plied science, which aim to provide a 
high-level, scientifically based introduc- 
tion to professional practice in various 
well-defined fields. 


This trend is a major factor in raising 
the question of accreditation at the grad- 


uate level. It is a verv difficult question, 








536 JOURNAL OF ENGINEERING EDUCATION 


and the direction of growth of engineer- 
ing education must be examined very crit- 
ically before a basis for providing an an- 
swer can be provided. 

We can, however, examine the nature 
and philosophy of accreditation to antici- 
pate the considerations which will be in- 
volved. Accreditation of educational in- 
stitutions exists basically to enable aca- 
demic and professional groups to insure 
maintenance of fundamental standards of 
quality. Some means is required to iden- 
tify as meaningful various designations 
of academic accomplishment. Depending 
on the nature of the concern or the use 
to be made of the information, different 
agencies will assume responsibility. In 
many cases, of course, effective accredi- 
tation occurs without any formalized pro- 
cedure. This is particularly true when 
the matter of quality is dependent on the 
competence of a single individual. In ef- 
fect, for example, the high academic 
standing of a university as a result of 
scholarly excellence in many areas pro- 
vides an unquestioned yet wholly infor- 
mal accreditation. 

Nevertheless, the formalized practice 
of accreditation appears to be inescapable 
and is our concern for the moment. This 
occurs generally in two forms—institu- 
tional accreditation and professional ac- 
creditation. The former provides a broad 
certification that the institution as a whole 
is qualified to carry on academic pro- 
grams of a certain level. Such certifica- 
tion is granted in one form by state edu- 
cational authorities which authorize the 
granting of academic degrees. In addi- 
tion, there are regional accreditation as- 
sociations which conduct periodic review 
and admit additional institutions to ac- 
credited status from time to time. The 
characterizing feature of institutional ac- 
creditation is the concern with the gen- 
eral educational environment rather than 
the detailed manner in which the objec- 
tives of specific majors are attained. 


Professional accreditation on the other 
hand focuses attention primarily on the 
aspects of the academic program which 
pertain specifically to the professional 
field. The establishment of standards in 
these cases is very much a concern of in- 
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dividuals active in the profession as well 
as those in the academic communit) 


Attention is directed in assessing an 
educational program to matters specifi- 
cally relevant to the preparation of indi- 
viduals for current and future practice in 
the profession. In general, primary con- 
sideration is given to educational facili- 
ties, including libraries and laboratories, 
and to the organization of content of the 
educational program. As in the case of 
all formal accreditation operations, the 
competence of the faculty enters as per- 
tains to the general quality of the opera- 
tions and not to the standing or perform- 
ance of individuals themselves. 


The types and procedural patterns of 
professional accreditation are as varied as 
the professions themselves. Certain or- 
ganizations such as the American Chem- 
ical Society give a major amount of at- 
tention to undergraduate facilities. Oth 
ers such as the American Psychological 
Association limit their attention largely to 
offerings leading to the degree of Docto1 
of Philosophy. Many concern themselves 
only with programs leading to profes 
sional degrees such as those in pharmacy, 
medicine or law. In every case, however, 
there is a well-defined and coherent pro- 
fessional group in a position to assume 
accreditation responsibility. Furthermore, 
this group includes the academic staff re- 
sponsible for these programs, and there 
exists a clearly defined professional field 
of activity dependent on the educational 
program being accredited. 

The associated benefits of protection 
to the public, provision of a basis for reg- 
istration, and maintenance of high aca- 
demic quality are consequences of the 
professional awareness of the responsible 
group. These, as well as other secondary 
factors, may be attractive features, but 
the sponsorship of a professional group is 
a necessary prerequisite. 

This picture of what has proved suc- 
cessful and effective must be kept in mind 
when we consider the problems and pos- 
sibilities in accrediting graduate study in 
engineering. First of all, this will come 
about only if there is a well-prepared de- 
mand by a responsible professional group 
which includes active representation from 
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the engineering faculties and those en 
gaged in practice. The academic com- 
munity itself will never initiate such a 
move since existing accreditation proce- 
dures meet its needs adequately. How- 
ever, its participation is essential in order 
to have an operation that is realistic from 
an educational standpoint. 


In this respect professional accredita- 
tion is not likely ever to involve those en 
gineering programs that operate within 
the domain of university graduate schools 
unless in special cases they assume a 
strong professional orientation. The mas 
ters and doctor's programs in engineering 
at many institutions are so strongly asso- 
ciated with research and with the special 
ized interests and activities of individual 
faculty members that any professional ac 
creditation may be essentially out of o 
der. It is conceivable that ECPD accredi 
tation could shift from concentrating on 
curricula to the general quality of engi 
neering education at all levels in a man- 
ner comparable to the American Chem 
ical Society accreditation, but this would 
probably fail to meet the needs of the 
practicing profession. If graduate work 
in engineering did not encompass pro- 
grams other than those conventionally ad 
ministered by graduate schools. there 
would be no need for considering accredi 
tation. 


It is the development, then, of gradu 
ate work of a more specifically profes 
sional nature that raises the questions, and 
accordingly the problems that concern us 
will be those associated with the rise of 
such programs. Accreditation at the un 
dergraduate level is possible since a re 
sponsible professional group can set up 
and administer criteria for the several 
engineering curricula. Furthermore, there 
are competent individuals available as ex- 
aminers who are accepted by their pro 
fessional colleagues. These conditions will 
then most likely be relevant at the gradu- 
ate level as well. In fact, we can see that 
some of the demand arises from those 
programs which represent a pushing up 
of work to the graduate level. For many 
years, as an example, many aeronautical 
engineering curricula have terminated 
with the master’s rather than the bache- 
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lors degree. We see this same trend in 
several aspects of civil engineering, nu- 
clear engineering, in communications, 
and in other fields. In any case, where 
the engineering program must be built on 
a broad background of pure and applied 
science, this trend is evidenced. 

It will be difficult, however, in some 
of the emerging areas to obtain a clear 
expression from the professional group as 
to appropriate criteria for accreditation 
Furthermore, there is the grave danger 
that premature moves may stifle creative 
initiative so essential at an early stage. 
Che benefits of recognition which accred- 
itation might provide should not be ex- 
changed for regimentation. 


Furthermore, many other problems will 
arise if graduate accreditation is intro- 
duced unevenly. It could easily happen, 
for example, that in view of the admin- 
istrative pattern, entirely aside from edu- 
cational quality, inferior schools would 
become accredited before obviously su- 
perior schools might have concerned 
themselves. Also, within the same insti- 
tution, relative emphases on science ver- 
sus practice might result in the more sig 
nificant curricula not being accredited. 
At the undergraduate level, it is accepted 
without question that mere differences in 
areas of technical interest or even of ap- 
proach to broad objectives do not affect 
eligibility for accreditation. At the grad- 
uate level, valid and desirable differences 
will present a more complex picture 

These differences will also necessitate 
a substantially revised approach to the 
establishment of criteria. If this respon 
sibility is to be assumed broadly by the 
engineering protession as a whole, then 
such criteria must be flexible enough to 
allow for diversity, yet incisive enough to 
be significant. 

On the other hand, until such general 
criteria are developed and accepted, it 
may be possible for ECPD to refer, in its 
established practice of accrediting cur- 
ricula leading to first degrees in a field, 
to specialized criteria recommended by 
responsible professional engineering 
groups. Even an interim procedure of 
this nature would be an improvement 
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over the current practice of applying 
criteria devised for undergraduate cur- 
ricula to graduate programs. 

There is always the possibility that in- 
dependent action on this matter by lim- 
ited groups of engineers may be unavoid- 
able. The disadvantages of such a devel- 
opment in the long run are, however, so 
obvious they need not be listed. Suffice 
to say that educational institutions will 
always be extremely reluctant to be sub- 
jected to engineering accreditation even 
in differing fields by more than one 
agency. 

These are a few of the problems which 
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are to be encountered. Their solution is 
dependent on our securing a much clearer 
picture than we now possess of protes- 
sionally-oriented graduate work in engi- 
neering. There must be a_ substantial 
group of competent individuals who are 
willing to devote the time and attention 
which will be required. There will be a 
need for those whose specialized ability is 
at a high level and yet who are able to 
see bevond their own domain. It is to be 
hoped that this matter can be attacked 
broadly so that a unified approach by the 
engineering profession as a whole can be 


effective. 


BRONWELL DEAN AT CONNECTICUT | 


Arthur B. Bronwell, president of Worcester Polytechnic Institute since 1955 and 
Secretary of ASEE 1947-1955, has been appointed dean of the University of Con 


necticut School of Engineering. 


In a joint announcement by U. of C. President Albert N. Jorgensen and WPI 
Trustees, it was disclosed that the change was effective April 1. 


He succeeds the late Harold Torgersen, who served as U. of C. dean of engi 
neering from 1957 until the time of his death last Novemben 


ENGINEERING EXPANDS AT DAVIS 


In line with its master plan for expansion, the Davis campus of the University of 


California is now including in its engineering program offerings in civil, chemical, elec 


trical, and mechanical engineering. 


Roy Bainer, Associate Dean of the UCD College of Engineering, in announcing 


the expansion, noted that Davis already has a well-established program in agricul 
tural engineering, begun more than 35 years ago. 


The fields of irrigation, drainage, and water resources engineering, added here 


three years ago, will now come under civil engineering. And food engineering now 
becomes part of the curriculum in chemical engineering. 


A “common core curriculum” is followed through the first two and one-half 
years, allowing the engineering student to continue his studies at any University of 
California campus. The final year and a half are devoted chiefly to the student’s major 


field of interest 
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Can Industrial Engineering Achieve 
Academic Respectability? 


ROBERT N. LEHRER 


Professor and Chairman 

Department of Industrial Engineering 

The Technological Institute 

Northwestern University, Evanston, Illinois 


For many years engineering educators 
have been concerned with questions per- 
taining to the substance and propriety of 
industrial engineering within the frame- 
work of modern engineering education. 
This concern has been heightened in re- 
cent years by growing awareness of the 
importance of fundamental education in 
engineering and a more unified treatment 
of engineering as a whole. This concern 
is quite proper. Combined with an aware 
ness of our changing socio-techno-eco- 
it 
several approaches to industrial engineer- 


nomic environment, has resulted in 
ing that should be of general interest to 
engineering educators. The objective of 
this paper is to analyze the nature of the 
educational problem in industrial engi- 
neering and to relate one experience in 
successfully overcoming many of the ob 
stacles to excellence and substance within 


this vital sector of engineering. 


Cause of Weakness 


There is no profit in attempting to 
defend the honor of industrial engineer 


This paper is based in part upon 
a presentation to an ASEE-AILE 
Symposium “Industrial Engineer- 
ing in 1975,” May 10, 1961, De- 
troit, Michigan. A complete report 
of the Symposium is being pub- 
lished as a special issue of the 
Journal of Industrial Engineering 
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ing on all fronts. Its history has been 
brief—just over fifty 
marked by difficulties. Some of these 
were the result of lack of maturity in the 
profession, lack of professional compe- 
tency on the part of the industrial engi- 
neers themselves, and a lack of foresight 
and vision on the part of education and 
industry as to what industrial engineer- 
ing really could be. 


vears—and_ pock- 


In the midst of such critical comments 
to add that industrial 
made some sub- 


I should hasten 
engineering has 
stantial contributions in both education 


very 


and in practice. The picture is not all 
black. But, criticism of industrial engi- 
neering is more often justified than not. 
Che situation of conflict has been caused 
1. the 
contrivance 
the il- 
management 


by four main factors. These are: 
“state-of-the-art,” 2. willful 
educational administrators, 3. 
ot 


reers, and 4. 


by 


lusion training for ca- 
the lack of understanding 


by emplovers. 


The “state-of-the-art.” Industrial engi- 
neering had its origins when technology 
was just starting to blossom and labor 
exploitation was regarded as fitting and 
desirable. The early work of F. W. Tay- 
lor was an attempt to rationalize the prob- 
lems of management, springing from an 
engineer's perplexity with “what is a fair 
day’s work?” This interest broadened to 
include the “art of cutting metals,” “func- 
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tional foremanship,” work organization, 
fatigue studies, and eventually into what 
came to be called “scientific manage- 
ment.” Many people assumed that science 
would be the avenue to explicit general 
principles that would enable the manager 
and engineer to properly solve all prob- 
lems of production and management. 


Under the guise of “science,” the man- 
agement engineer and the efficiency ex- 
pert rapidly became extremely unpopu- 
lar with workers and eventually with 
management. Scientific management 
floundered, and perhaps died, mainly due 
to a lack of science. The necessary 
science had not yet developed. Even so, 
and with a general preoccupation toward 
a confined problem area—that centering 
around individual worker productivity— 
much excellent work was done and the 
genesis of a more potent orientation de- 
veloped. 

One very significant development in 
the growth of industrial engineering is 
associated with Dr. Walter Shewhart’s 
pioneering work with practical applica- 
tions of statistics and probability in the 
late 1920’s. Other substantial develop- 
ments are more closely associated with 
the explosion in technology triggered by 
our World War II efforts. Techniques of 
mathematical analysis, computers and in- 
formation technology, control theory and 
automation, better understanding in the 
area of behavioral sciences and the de- 
velopment of “management sciences” are 
a few of the more significant develop- 
ments that have had an astonishing im- 
pact upon what Industrial Engineering 
can be, an impact not yet fully ap- 
preciated. The results have been to unify 
the rationale and more clearly indicate 
the substantive disciplines that underlie 
modern industrial engineering. Preoc- 
cupation with the individual: workplace 
and worker has been replaced by broad 
consideration of a truly systems nature, 
not confined to just manufacturing. 


There is a growing awareness of the 


monumental engineering challenge in 


analyzing and designing interrelated sys- 
tems for “producing” and for “managing,” 
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and realization that these systems exist 
in a similar form within almost any or- 
ganization. The impact of technological 
developments directly affects both the 
producing and the managing system. 
Hence, the more modern approach to 
industrial engineering requires a strong 
capability in science and engineering as 
a means to properly consider the total 
nature of these systems, the technology 
affecting the components of both, and the 
technological environment within which 
the systems exist. This is implicit in the 
American Institute of Industrial Engi- 
neers definition: 


Industrial Engineering is concerned with 
the design, improvement, and installation 
of integrated systems of men, materials 
and equipment. It draws upon. spe- 
cialized knowledge and_ skill in the 
mathematical, physical, and 
sciences together with the principles and 
methods of engineering analysis and de- 
sign, to specify, predict, and evaluate 
the results to be obtained from = such 
systems 


SOc ial 


A brief interpretation of this definition 
would be: The Industrial Engineer is a 
problem solver and management advisor 
—dealing with systems for “producing” 
and systems for “managing”—exploiting 
technology and science (both physical 
and social-behavioral ) . 


The science lacking in the days of “sci- 
entific management” has developed to the 
point where industrial engineering does 
have underpinnings of real substance. 
The “state-of-the-art,” while 
handicapping industrial engineering de 
velopment in the past, is no longer a 
limiting factor. To be sure, further theo- 
retical development _ is 
needed, but lack of progress in the field 
is much more due to other factors 


severely 


desperately 


Willful contrivance. It seems odd, but 
many educational administrators act as 
though they did not want their industrial 
engineering programs to be substantial. 
I'm certain that at least part of this pei 
plexing behavior is unintentional. It is 
due to a lack of understanding of what 
industrial engineering can be. But, some 
administrators do want an engineering 
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program lacking in rigor so that students 
unable or unwilling to meet the require- 
ments of other engineering programs can 
still receive an “engineering” degree. | 
seriously question the defensibility and 
desirability of such an arrangement, but 
it does exist. 

Staffing policies, faculty development 
policies and many other administration 
influenced (or dominated) aspects of ed- 
ucation are also significant in the develop- 
ment of a high quality industrial engi- 
neering program. These are too numerous 
to mention individually, and they affect 
more than just industrial engineering ac- 
tivity. However, the impact of these 
many factors works a particular hardship 
upon industrial engineering, for it intensi- 
fies the defensive posture frequently typi 
cal within this group, and it is extremely 
difficult to achieve a creative result unde 


1 Positive and encourag 


such conditions. 
ing leadership is needed. Understanding 


and a quest for excellence is essential. 


Management as a Career. For many 
years, engineering graduates have exerted 
a substantial leadership in the manage- 
ment of American industry. Many educa- 
tional institutions have responded to this 
situation by including course work and 
programs intended to prepare the engi 
neering graduate for management ca- 
reers. This is a worthy undertaking, pro- 
vided it does not seriously handicap the 
preparation of the embryo engineer for 
a technical career. Unfortunately, this 
work when it constitutes the major 
share of an educational program does in 
fact handicap the engineer in his profes 
sional development, both educationally 
and psychologically. The engineering is 
often reduced to a bare minimum, and 
the management preparation courses are 
frequently lacking in substance and rigor. 


This situation mav have been defensible 


‘I should mention that I do not refer to 
my own institution nor to any specific in- 
stitution in regard to being critical of policy 
or practice. Comments are made relative to 
the general situation — most administrators 
do not fully appreciate the beneficial re- 
sults that can be achieved by a constructive 
and encouraging leadership 
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ten or so years ago, but developments in 
operations research, control theory, de- 
cision theory, computers and information 
technology, processing, behavioral science 
and many other areas make the situation 
absolutely an anachronism at the present 
time. The engineering and science con- 
tent needed to effectively deal with the 
analysis and design of producing and 
managing systems is quite substantial. 
This engineering and science content in- 
cludes the basic “engineering sciences” 
plus much specialized work directly re- 
lated to modern industrial engineering. 


Another closely related aspect of the 
problem is one encountered by all fields 
of engineering—promotion. More than a 
few organizations have recognized the 
adverse eftect of requiring an engineer to 
remove himself from his technical work 
to advance in income and stature. This is 
an age old problem that has resulted in 
many very good engineers becoming poor 
administrators and managers. The situa- 
tion is being improved by recognition of 
the desirability of providing senior status 
and senior income positions for technical 
and engineering personnel within their 
areas of technical and engineering en- 
deavor. This is particularly important for 
industrial engineers, for these individuals 
have frequently been considered by their 
organizations as being in industrial en- 
gineering activities only as a stepping- 
stone to line positions. This has had a 
powerfully adverse effect on developing 
the technical competency needed for the 
modern aspects of industrial engineering 
work, and has encouraged the use of in- 
dustrial engineers as low level manage- 
ment functionaries. 


Lack of understanding. Just as indus- 
trial engineering is not fully understood 
within most educational institutions, so 
it is with other organizations. There have 
been some outstandingly successful ex- 
amples of a high-level industrial engineer- 
ing activity in a variety of organizations 

both large and small—both “production” 
oriented and non-manufacturing (service. 
research, etc.)—but this is not yet an 
established pattern. Attempts to remedy 


the situation have been undertaken by 
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the American Institute of Industrial En- 
gineers, but much is yet to be done.” 

Industrial and business organizations 
have only recently recognized the need 
for substantial engineering in their indus- 
trial engineering functions. Many organi- 
zations are now seeking advance-degree 
industrial engineers (including Ph.D. 
men) to undertake programs in process 
research, operations research, manage- 
ment control research and systems design, 
to mention only a few examples. Much of 
this interest has resulted from unfavor- 
able experiences with non-engineering 
personnel, and also with engineers not 
having the advantage of academic work 
in the more modern aspects of industrial 
engineering. 


Approaches to Academic Respectability 


There is a variety of ways that educa- 
tional programs in industrial engineering 
have been strengthened and updated. 
The two main ways are: 1. to make the 
industrial engineering 
within the program more substantial; 
and 2. to regroup and restructure the in- 
dustrial engineering material into new 
unified patterns. Both of these approaches 
assume that the engineering 
sciences and other ECPD requirements 
are observed (that is, if we believe in- 
dustrial engineering should be considered 
within the engineering fields). Both of 


various courses 


basic 


*Further information on the changing 
nature of industrial engineering can be 
found in the following: 

Austin Weston (ed.) “The Emerging 
Role of Industrial Engineering,” Journal of 
Industrial Engineering, Special Issue Vol. 
XII, No. 2, Part 2, March-April, 1961. 

R. N. Lehrer, “Changing Industrial En- 
gineering Practices in the United States,” 
Work Study and Industrial Engineering, 
April, 1959, p. 112. 

The PERT system, developed in conjunc- 
tion with the research and development 
management of the Polaris missile system, is 
another example of a high level “modern” 
industrial engineering effort. For some de- 
tails see: 

D. G. Malcolm, et al, “Application of a 
Technique for R & D Evaluation,” Opera- 
tions Research, Sept.-Oct., 1959. 

D. G. Malcolm and Alan J. Rowe (eds) 
Management Control Systems (John Wiley 
& Sons, Inc., N. Y.), 1960. 


these approaches have much to recom- 
mend them, but I strongly favor the sec- 
ond. We have used this approach in ow 
own program, and I believe it offers 
more opportunity for dynamic develop 
ment and improved efficiency in the edu 
cational process. 

In January 1958 a Department of In 
dustrial Engineering was established at 
the Technological Institute of Northwest- 
ern University, and a new curricular 
program was adopted. Although the pro- 
gram represented a radical departure 
from established educational patterns 
and created an entirely new image of in- 
dustrial engineering education, the con- 
cepts upon which the program is based 
are simple and straightforward. They are, 
in essence, a reflection of what we think 
industrial engineering should be at the 
present 
ceived much interest from educators as 


time.? The program has _re- 


well as from business and industry. Al 
though the program was viewed with 
some reservations concerning its imple 
mentation, it is now completely opera 
tional and is well received. 


Basic Concepts. The organization of a 
new educational venture naturally re 
flects the organizer's evaluation of the 
objectives for the program, and the en 
vironment within which the program 
and the products of the program will 
operate. It was our conviction that a 
new program in industrial engineering 
should have substantial “scientific” con- 
tent, should treat engineering in a funda 
mental way, should prepare the student 
for broad intellectual growth throughout 
his life, and should provide a professional 
preparation geared to an 
rapid rate of change in technology, busi 


increasingly 


ness and industry. 


The objectives of our program were 


‘I hesitate to say “should be” fer I do not 
want to imply that we feel our approach 
is the only answer to the problems of in 
dustrial engineering education, even though 
we are quite satisfied that it is an appropri 
ate answer for our institution. The appro- 
priate programs for other educational in- 
stitutions should reflect’ their individual 


aspirations as well as their interpretations 
of engineering, education, and industrial 
engineering 
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strongly influenced by our conviction 

that industrial engineering involves ef- 

fective and efficient problem-solving 
within a framework of techno-econom- 
ic-social systems, and that the true mis- 
sion of industrial engineering will even- 
tually center around management ad- 
visory services, problem solving, and the 
design, improvement and installation of 
systems for “producing” and for “man- 
aging.” 

The specific criteria used in designing 
our curriculum were: 

1. It must be strong in basic engi- 

neering. 

2. It must reflect the “general educa- 
tion” philosophy of our university. 

3. It must be oriented toward prin- 
ciples, systems, and creative engi- 
neering work. 

4, It should take full advantage of 
the recent developments in the 
areas often referred to as opera- 
tions research, management sci- 

ences, behavioral sciences, com- 

puters and systems engineering. 


Ul 


It should prepare students to ef- 
fectively deal with new and un- 


usual problems without reliance 
upon specific and restricted “tech- 
niques.” 

6. It should prepare the student to 
exploit “traditional” industrial en 
gineering without requiring more 
than an absolute minimum of fo1 
mal instruction in these subject 


areas.’ 


7. It should take full advantage ot 
the educational opportunities pro 


“work 


vided by our cooperative 
study” program. 


‘The “traditional” industrial engineering 
areas are usually thought of as time study, 
wage incentives, methods improvement, 
plant layout, production control, job evalua- 
tion, etc. We do not feel that these areas 
are totally lacking in value; however, they 
do tend to be restrictive in terms of preoc- 
cupation with techniques and limited prob- 
lem areas. Much of the essence of these 
subjects can be learned as a by-product of 
formal work of a much more basic and 
broad nature. Most of the techniques can 
be readily acquired on the job, if and when 
they are needed. 
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In summary, we wanted to give our 
students an educational experience that 
prepares them for new and unusual prob- 
lems. We firmly believe that the indus- 
trial engineer of the future must be able 
to systematically determine the problem 
areas where industrial engineering will 
have its maximum contribution, and be 
able to define the problem with sufficient 
precision that the need for analytical and 
problem solving techniques will become 
apparent. At this point we expect the 
industrial engineer to draw 
broad background of engineering, mathe- 
matical, and scientific knowledge (both 
physical and social-behavioral) to devise 
an efficient approach to solving his prob- 
lems. In many cases he will recognize 
his need for specific techniques with 
which he is familiar, or that he can ac- 
quire by reference to current and past 
practices, and in other cases he will rec- 
ognize that he should enlist the aid of 


upon his 


other professionals. The essence of our 
philosophy is “Do not rely upon tech- 
niques, but rely upon a broad and basic 
education and upon adequately defining 
the problems.” 


We have fully recognized that there 
are several different types of careers to 
which our students may aspire, and 
these have been considered in the design 
of our program. Most industrial engineer- 
ing programs aspire to training indi- 
viduals as engineers in general, and also 
management responsibili- 
ties. These two objectives are partially 


for eventual 


considered in our program, but we have 
concentrated more fully upon the prepa- 
ration for careers in the profession of 
industrial engineering as we visualize it 
can be, at both the practicing level and 
at the research and teaching levels. 


Undergraduate Curriculum. The Me- 
Engineering Department had 
offered an option program for a number 
of vears prior to the establishment of the 


chanical 


Department of Industrial Engineering in 
January 1958. The option program was 
a combination of some engineering 
courses with work offered by the busi- 
ness school. The general flavor was very 


much along the lines of “business and en- 
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gineering,” with a scattering of courses in 
the functional business administration 
areas. When the new department was 
organized we felt it would be desirable 
to have a truly modern program. We 
recognized that some changes might be 
quite drastic, but we did want to take 
full advantage of the developments of 
the last ten or so years. The resulting 
program departed very substantially 
from the past patterns of industrial en- 
gineering education. This is evident from 
the curriculum display, which shows the 
194 credit units in groupings of courses 
in industrial engineering (36 credits or 
18 per cent), basic sciences (60 credits 
or 31 per cent), engineering and engi- 
neering sciences (46 credits or 24 per 
cent), and general education (52 credits 
or 27 per cent). 

Summary of Curriculum. The indus- 
trial engineering program includes the 
basic material associated with all of our 
engineering programs (mathematics, 
chemistry, physics, graphics, and the en- 
gineering sciences); nine courses in in- 
dustrial engineering; an additional three 
courses in the quantitative methods-ap- 
plied mathematics area (which can 
rightly be classified as industrial engi 
neering courses); additional engineering 
courses (feedback systems and machine 
design); and six courses in the general 
area of psychology, sociology, and eco 
nomics. 


The industrial engineering courses are 
grouped into five segments (or six if we 
classify the statistics and quantitative 
methods work as industrial engineering 
courses ) ; 

1. two courses in production engi- 


neering, 


2 


2. one orientation course, 


3. two courses dealing with problem 
solving methodology, 


Space limitations prevent full discussion 
of many pertinent topics. Curriculum details 
have been omitted for this reason. Addi- 
tional details can be found in R. N. Lehrer 
“Exploiting Science and Engineering as 
Aids to Management: A Modern Industrial 
Engineering Approach,” Management Inter- 
national, March-April, 1962. Reprints are 
available from the author 
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1. three courses dealing with progres- 
sively more complex aspects of sys- 
tems design, 

one course dealing with organiza- 
tion theory and related problems 
associated with the implementation 
of modern industrial engineering 
activities. 


Ut 


The three-course sequence in sta- 
tistics and quantitative methods in in- 
dustrial engineering is intended to be 
“industrial engineering” from the stand- 
point of teaching more than just the 
mathematical concepts. The examples, 
exercises and problems are a means of 
illustrating the utility and the limitations 
of mathematical concepts in both the 
newer and the more traditional areas 
of industrial engineering activity. We 
view these courses as being very import- 
ant from the standpoint of developing a 
feeling for “context” as well as for un- 
derstanding and skill with mathematical 
techniques. 

We recognize that our undergraduate 
program is not ideal. Even so, we have 
been very pleased with the results al- 
ready obtained. One of the most unde- 
sirable aspects is the lack of flexibility in 
free electives. There is more flexibility in 
the selection. of psychology, sociology 
and general education electives. We wish 
we could allow at least the same amount 
of freedom of choice in the other areas, 
but it seems impossible to do this within 
the four-year (12 quarter) program 
limitation. We are continuing to explore 
possibilities for improving the coverage 
of the material in the basic areas in hopes 
of devising more efficient ways to accom- 
plish our end objectives. If we can fur- 
ther improve the effectiveness of cover- 
age, perhaps we will eventually be able 
to include some electives in our program. 


Implementation. Ninety-six undergrad- 
uate students and two graduate students 
were enrolled in the option program just 
prior to the establishment of the In- 
dustrial Engineering Department. The 
majority of these students elected to 
transfer to the industrial engineering pro- 
gram and to shift over to the new cur- 
riculum. A few students did transfer to 
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other programs within the university, and 
a few students transferred to the new 
program from other engineering depart- 
ments. The net result was that during the 
first quarter the department was in op- 
eration the undergraduate enrollment 
was 88 and the graduate enrollment was 
1. Within the three-year period to Jan- 
uary 1961 the undergraduate enrollment 
gradually increased to 93, while the 
graduate enrollment grew more rapidly 
to 29. The graduate enrollment for the 
fall quarter 1961 is 36, of which 18 are 
at the Ph.D. level. 

The new course work was offered as 
rapidly as possible consistent with the 
students’ preparation and the acquisition 
of faculty, and we completed the imple- 
mentation of the entire program during 
the 1960-61 school year. 

The Cooperative Program. The co- 
operative program has been a feature of 
our engineering programs at the Tech- 
nological Institute of Northwestern Uni- 
versity since its original organization. 
This program allows the students to 
spend alternate quarters in school and 
in industry starting with the third quar- 
ter of their sophomore year. The program 
results in twelve quarters in school (the 
same total number required by a four- 
year non-cooperative program) and six 
quarters in industry. The cooperative 
program extends the student’s work to a 
total of five vears. 

Even though the majority of the fac- 
ulty and the students strongly endorse 
the cooperative program, it was made op- 
tional several years ago. This action 
seemed desirable to allow more students 
with aspirations for the Ph.D. degree to 
start their engineering program with the 
assurance that they would not be obliged 
to spend 18 months in industry during 
their academic program. We anticipated 
that many of the undecided students 
would learn of the value of the coopera- 
tive program from association with the 
upper class students during their first 
year and a half on campus, and would 
therefore choose the cooperative pro- 
gram. Over 80 per cent of our students 
do elect the cooperative program. 

The co-op assignments for industrial 


engineering students vary widely and 
provide an excellent opportunity to sup- 
plement course work with valuabie prac- 
tical experience in both the traditional 
and the modern aspects of industrial en- 
gineering. 

Faculty. Innovation in educational pro- 
grams presents numerous problems. The 
two that have been most difficult to 
overcome are lack of adequate text ma- 
terial and faculty. Of these two, faculty 
is by far the more difficult obstacle to 
overcome, and when it is overcome the 
text problem tends to become less severe. 
Well qualified faculty for any discipline 
are in short supply, but they are even in 
shorter supply for the type of new pro- 
gram that we undertook. We have been 
very fortunate in obtaining faculty with 
excellent qualifications and with a sym- 
pathetic attitude toward the new educa- 
tional venture involved in our program. 

The faculty members are all engineers, 
either by basic education or by inclina- 
tion and point of view. They all hold 
earned doctoral degrees, and are keenly 
interested in the educational, research 
and professional problems associated 
with our field. Three of the men are 
strongly oriented toward mathematical 
work, three are strongly interested in be 
havioral, organizational and innovative 
problems (one man with his Ph.D. in 
psychology), and one faculty member is 
primarily concerned with productive pro 
cesses. We anticipate expanding ou 
faculty by adding one more man to con 
centrate his attention toward the “sys 
tems” aspects of producing or goal 
oriented systems. All of the faculty de 
vote approximately one half of thei 
time to formal academic matters (teach 
ing and working with students). The bal 
ance of their time is devoted to research, 
scholarly activity, and professional ser\ 
ices, 

The Graduate Program. Although the 
undergraduate program reflects no spe 
cialization in terms of areas within in 
dustrial engineering, the graduate pro- 
gram allows specialization in one or more 
of five areas. These are: 1. operations re 
search and management science, 2. o1 
ganization theory, 3. information systems 
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analysis and design, 4. work study, 5. 
processing and automation. All five of 
these areas are closely interrelated and 
have a “systems” orientation. Of the five, 
we find that the majority of our students 
initially select the first area, but some of 
them eventually tend toward specializa- 
tion in the other 
junction with the first. 


one of areas in con- 

Our graduate program is directed pri- 
marily toward the Ph.D. program, but we 
also do have a master’s program. Ow 
first Ph.D. degree was awarded during 
the summer of 1960, and two more men 
completed their programs during the 
spring and summer of 1961. The students 
come from many other schools and _in- 
clude faculty on leave from their own in 
stitutions. Our goal is a graduate student 
group of about fifty, all aiming toward 


the Ph.D. 


It should 
that we do not consider “industry” in its 


be specifically mentioned 
narrow sense as the only “customers” for 
our product. Many of our graduates pun 
advanced degrees (almost 70 per 
the 1960 and 1961 graduating 
classes did so), and many are employed 
by non-manufacturing organizations and 
Also, 


it should be specifically mentioned that 


sue 


cent of 


education-research organizations. 


our interpretation of “industrial engi 


neering” is broader than used by many 


other organizations. The industrial engi- 


neering area of operation extends well 
bevond just manufacturing 
Facilities. Being a relatively new de- 


partment, not provided for in the origi- 
nal building plans of our Institute, the 
Industrial Engineering Department has 
been handicapped in development of its 
facilities. this 
stantially overcome, and will be entirely 
the the 
Technological Institute building are 
completed in the fall of 1962. The pres- 
ent facilities, in addition to general use 


However, has been sub 


overcome when additions to 


space and offices, include the following 


four laboratories: 
1. An Information Systems Laboratory 
(shared with the Electrical Engi 


containing a 


Department 
small scale digital computer (Royal 


neering 
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McBee LGP-30); a special purpose 
analog linear programming computer 
(presented to us by the Skil Corpo- 
ration); and assorted data process- 
ing devices. 

2. A Processing, Automation and Met- 
rology Laboratory containing 
mation demonstration equipment 
presented to us by Western Electric 
Corporation); a variety of metal pro- 

equipment; and_ precision 
measuring devices. 

3. A Statistics and Computation Labo- 

equipped with a variety of 
desk calculators and statistical dem- 
onstration equipment. 

t. A Work Study Laboratory equipped 
with devices for recording 
and analyzing work activity. 


auto- 


cessing 


ratory 


various 


The total space allocated to the de- 
partment is presently about 6,000 square 
feet net usable space. Entirely new fa- 
cilities, totaling about 14,000 net square 
feet, will be available in the new build- 
ing addition. In addition to expanded 
and newly equipped laboratories replac- 
we will have a 
simulation laboratory, to be used in con- 
junction with our other facilities but al- 
lowing more latitude in the simulation 
of systems activities combina- 
tion of media and techniques. 


ing our present ones, 


using a 


The general facilities of the Techno- 
logical Institute and the University are 
also available to our department. The 
ones most pertinent are the extensive 
analog computer installation of the Elec- 
trical Engineering Department, and the 
campus-wide Computer Center with its 
IBM 709 installation. 


Typical Research. All of the engineer- 
ing Northwestern place 
emphasis upon teaching and research. It 
is impossible to clearly delineate the ap- 
propriate areas for industrial engineering 


programs at 


research, but several typical examples 

will help to illustrate some facets of the 

broad range of appropriate activities: 

|. simulation (by digital computer) of 
problem-solving behavior and adap- 
tive control, 


Y 


2. sensitivity analysis in linear program- 
ming, 
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dynamic programming as an ap- 
proach to optimal design of multi- 
stage systems in the process industry, 
analysis of the birth and death of 
operations research groups, 

analysis of factors influencing R & D 
productivity in the Chicago electron- 
ics industry. 


These research activities are in keeping 
with the departmental policy of en- 
couraging creative research—particularly 
in “void” areas. They cover a range from 
highly theoretical to applied. They cut 
across established departmental and dis- 
cipline lines. 

Why “Industrial Engineering” as a 
Name? We are frequently questioned as 
to why we have retained the name “In- 
dustrial Engineering” for our program 
and our department. Although our inter- 
pretation of modern industrial engineer- 
ing differs substantially from the more 
traditional type of industrial engineer- 
ing, it has been our belief that we can 
make our maximum contribution by ju- 
diciously combining the better aspects 
of traditional industrial engineering with 
the newer developments associated with 
such things as operations research, man- 
agement science, computers, systems en 
gineering, etc. Our orientation is toward 
solving problems of a systems nature— 
particularly in the design, improvement 
and installation of systems for producing 
and systems for managing. We are aim- 
ing toward a role of “management ad- 
viser” and “problem solver” for the indus- 
trial engineer. We believe that “indus- 
trial” is a broad term, extending well be- 
yond manufacturing, including all goal 
oriented activity. We also believe “en- 
gineering” to be descriptive, for we are 
vitally concerned with practical applica- 
tion of knowledge in devising ways to 
better utilize the resources of nature, 
and of human nature, for the benefit of 
man. Frankly, we carefully considered 
other names when organizing our de- 
partment, and we are still giving oc- 
casional thought to the matter. But, we 
have concluded that the alternative ter- 
minology has limitations equally as severe 


as the limitations usually associated 


with the name “industrial engineering.” 
At this point we are attempting to help 
industrial engineering live up to the as- 
pirations implicit in the official AINE 
definition of the profession. It is our 
hope that we will help demonstrate what 
the AIIE definition attempts to define. 


Summary 

Industrial engineering can achieve 
academic respectability in a variety of 
ways. The developments of the last ten 
or so years provide a strong fund of 
basic knowledge and formal theory that 
allows industrial engineering to comple- 
ment and strengthen other engineering 
activities in a unique way. 

We have considered, in detail, one ef- 
fort in the development and implementa- 
tion of a restructured industrial engineer- 
ing program at both the undergraduate 
and graduate levels. The 
achieved by this effort should provide 
encouragement and stimulation of other 
efforts to revitalize both academic and 
professional work in industrial engineer- 
ing—not necessarily by duplication, but 
by taking a fresh look at the role indus- 
trial engineering can play within the 
engineering community, the fund of 
knowledge and theory available, and the 
needs for more effective educational and 
research programs tailored to the spe- 
cific environment of each educational in- 
stitution. The opportunities are virtually 
unlimited. 


success 
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“6.1.7.3.” 


Bureau of Information for Technology and Science 


JULIUS N. CAHN 


Director, Scientific Research Project Subcommittee on Government Operations, 


U.S. Senate 


The purpose of these comments is five 
fold: to present, as an individual,! in 
brief summary form: (1) commendation 
of the initiative and 


which the Engineers Joint Council has 


resourcefulness 


displayed in fostering progress in infor 
mation and communications; 2 an in 
dication as to why a committee of the 
United States Senate has, since August, 
1957, devoted attention to the informa 
tion-communications problem; together 
with statements as to: (3) where, it ap 
pears, the Nation now stands in improv 
ing management of scientific and techni- 
cal information; (4) a few general guide 
lines of possible Federal policy; (5) a 
proposed Federal information network 
and service which are, I, for one, believe 


both necessary and practical. 


Commendation of Action-Oriented EJC 
Of the splendid contributions by the 


Engineers Joint Council, I need only say 


' These views are ¢ xpressed solely as thos« 
of an individual observer; they should not 
be construed as an official expression of the 
Committee on Government Operations or of 
any of its members 


Excerpts of address prepared for 
delivery at a luncheon of the Engi- 
neers Joint Council, New York 
New York, January 17, 1962 


this: many of the engineering authorities 
gathered here today are to be com- 
mended not only as current leaders in in- 
formation progress, but for having been 
in the vanguard since the days before 
and immediately after Soviet Sputnik I. 
EJC’s pioneering deserves*the highest 
appreciation of Government, of industry 
and the public. Your new program should 
be a further inspiration to other segments 
f the scientific and technical communi- 
ties 

Having surveyed the literature for 
vears, I feel that too many organizations, 
Federal and non-Federal, have not been 
as action-oriented as EJC. Too many 
groups have allowed themselves to be- 
come bogged down in endless discus- 
sions along the lines of: “Isn’t the infor- 
mation crisis awful!” “Why doesn’t some- 
“Why don’t we 
study and restudy, survey and resurvey, 


body do something!” 


so we can show we're doing something 


about the problem.” 


Unlike the case of EJC, too many meet- 
ings have veered to either extreme of 
grandiose speculation as to some “super- 
robot” systems, undertaking virtually all 
of the information effort of scientists and 
engineers; or at an opposite pole, com 
placency with marginal improvements, 
with so-called “new” svstems which are 
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hopelessly outdated before they are even 
off the drafting board. 

Avoidance of extremes; boldness, tem- 
pered by practicality; leadership which 
inspires and does not attempt to dictate; 
willingness to give, as well as take in se- 
curing interdisciplinary agreement—these 
are the ingredients for information suc- 


cess. 


Interest of Senate Committee 


As to the reason for the interest of the 
U. S. Senate Committee on Government 
Operations, it can be summed up in two 
words—“taxpayers’ rights.” The commit- 
tee is and has been interested in making 
certain that every Federal tax dollar spent 
for science and engineering vields maxi- 
mum return to the taxpayer. 

In the 1962 Fiscal Year the United 
States Government is spending $10.8 bil- 
lion in taxpayers’ resources for support of 
activities in research, development, test- 
ing and evaluation. Of this sum, $3 bil- 
lions are for research, $6.7 billions for de- 
velopment, $1 billion for facilities and 
$100 million for information. Much of 
the efficiency of the $10.7 billion of ef- 
fort depends, as you well know, on the 
effectiveness of the 1/10th of a billion 
dollars spent for information activities. 


The Committee on Government Oper- 
ations has a broad jurisdiction; many de- 
mands are made on its limited time. The 
fact that it has devoted so considerable 
an effort to this particular subject is due 
in large part to the personal interest and 
dedication on the part of the chairman 
of the Committee on Government Opera- 
tions, the Honorable John L. McClellan, 
the chairman of the Subcommittee on 
Reorganization and International Organi- 
zations, the Honorable Hubert H. Hum- 
phrey, and the Staff Director-Chief Clerk 
of the committee, Mr. Walter Reynolds. 


Where the Nation Appears to Stand 
Where do we, as a Nation, now stand 
in information control? 


Obviously, much laudable progress has 
occurred within and outside the U. S. 


Government. From the Federal stand- 
point, innumerable advances have been 
stimulated by the Office of Science Infor- 
mation Service of the National Science 
Foundation. Many individual improve- 
ments have been made by administrators 
and operators in Federal systems and 
publications—by the Armed _ Services 
Technical Information Agency, the Of- 
fice of Technical Services of the Depart- 
ment of Commerce, A.E.C.’s “Nuclear 
Science Abstracts” and other programs. 

However, as everyone should long 
since have become aware, knowledge has 
been growing at an exponential rate. 
When, therefore, we compare the growth 
of knowledge with progress in managing 
and using knowledge, it appears that we 
have been “racing to stand still.” 

Nowhere is this more true than at the 
outermost frontiers between the respec- 
tive disciplines of science and engineer- 
ing, where many of the most exciting op- 
portunities are developing and where 
agreement and action on_ information 
control and use are most difficult. 

A “great leap forward” is essential in 
information control, so that the informa- 
tion crisis does not grow infinitely worse 
by 1965 and 1970. 


Ten Possible Policy Guide-Lines 


From the standpoint of this observer, 
the following might be ten general guide 
lines of future Federal policy. 


1. A National Resource: Scientific and 
technical information represent an_ in 
valuable national resource. Scientific and 
technical information should be ex 
panded and capitalized upon to the full 
est extent by all the diversified talents 
and resources of a free society. 

2. Top-Policy Attention: Federal in- 
formation policies will require the fu 
ther close attention of the Special Assist 
ant to the President for Science and Tech- 
nology, the President’s Science Advisory 
Committee and the Federal Council for 


Science and Technology. Fortunately, in 
recent months, these offices and groups 
have been giving greater attention to the 
problem than ever before. 
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“BAL: 


3. Priority for National 
Based upon an essential scale of priori- 
ties the United States Government must 


Security: 


continue to concentrate on fulfilling its 
own information needs. The highest pri- 
ority must continue to be the protection 
of the security of this country, i.e., assur 
ing its survival in the face of unprece 
dented peril, posed by its enemies. 

Enter- 
prise: Simultaneously, in the interest of 
national prosperity and __ still higher 
standards of living, the U. S. Government 
must take the initiative in placing tax- 
supported information at the disposal of 
ihe American free enterprise system on 


4. Service to American Free 


a more convenient, rapid and economical 
basis. 

International economic trends, includ 
ing the growing competitive strength of 
the European Market, the 
forced-draft growth of the Sino-Soviet 


Common 


bloc, as well as other developments, re 
quire that the Federal Government help 
make it as easy as possible for U. S. free 
enterprise to get the scientific and tech 
nical information it needs, in the way it 
needs it. Of course, in its program of im 
proved dissemination of tax-supported 
information, suitable safeguards must be 
maintained to protect national security 
and proprietary data. 


5. Suitable Fees for Certain Services 
As in the instance of present prudent 
policies of the U. S. Department of Com 
merce, a system of modest Federal fees 
should be maintained, as appropriate 
and, in particular, for the rendering of 
certain information services to the public 


6. Expanded Research: Expanded re 
search in the science of information, the 
science of communication, e.g., the “art” 
or “science” of conducting fruitful pro 
fessional meetings should be supported 
by the U. S. Government and by private 
sources. 

The “leads” of the research should be 
followed up by new experimental pro- 
grams, instead of becoming dead letters 
in file cabinets. 


7. Professional Self-Reliance: The U. 


S. Government should serve as a. still 
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more effective catalyst for information 
progress on the part of non-Federal sci- 
ence and engineering. The Government 
should not, however, attempt to do for 
private enterprise and not-for-profit or- 
ganizations what non-Federal sources can 
do and should do for themselves. The 
U. S. Government should encourage the 
free economy, meaning private, profes- 
sional and trade organizations, private 
companies, universities and other non- 
profit sources, to cooperate to the outer- 
most limits in strengthening their own in- 
formation services—without Federal in- 
terference or intervention and with the 
minimal Federal subvention which may 
be necessary to fulfill Federal responsi 
bility. 


8. Stimulating International Reciproc- 
ity: The United States Government 
should endeavor to stimulate foreign gov- 
ernments to contribute further to the in- 
ternational “pool” of scientific and tech- 
nical information. No government has 
done as much as ours in sharing its sci- 
entific and technical information with 
others. Much international bilateral and 
multilateral progress has occurred. But 
many governments in the Free World 
have not reciprocated our policies by tak- 
ing the initiative and making available 
their national data to us and others in 
readily accessible form. 


Education Being 
Scientific and en- 
particularly gradu- 

ate education, must be helped and en- 

couraged to expand their contributions. 

This means that, in this instance, the 
Federal Government should explore how 


9. Engineering 
Served and Serving: 
gineering education, 


the colleges of engineering of the United 
States might further “tap” into the full- 
est flow of the latest engineering data, 
and serve national, regional and local 
needs for engineering information, par- 
ticularly within their respective commu- 
nities and as regards small enterprise and 
hard-pressed industries. In addition, all 
of tomorrow’s scientists and engineers 
will require training and education in the 
use of ever new information services and 
systems. 
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10. Cost-Benefit Ratios for Users: The 
acid test of information systems—concrete 
results in terms of cost-benefit ratios— 
must be applied against any system, pres- 
ent or proposed. What counts is the 
actual service rendered at a_ particular 
price (tangible and intangible) to the 
men and women on the “firing line” in 
science and engineering and to their 
sponsors. 


Voluntary Federal Network and Service 


May I briefly suggest now a specific 
program and one specific phase of Fed- 
eral reorganization. My emphasis is, as 
you will note, on U. 
tion, since ours is the Committee on Gov- 


S. Government ac- 


ernment Operations. The proposal is 
neither new nor unique; its implementa 
tion is, I suggest, long overdue. 


First, a Federal network of Libraries 
and Information Centers should be estab 
lished. This network should consist of 
voluntary collaboration as regards input 
and output, among four major elements: 

a) the three great National Library sys 
tems—the Library of Congress (particu- 
larly in this instance, its Science and 
Technology Division), the Library of the 
U. S. Department of Agriculture, and the 
National Library of Medicine 
course, continuing to serve its particular 
clientele 


(each, of 


: (b) the major inter-agency in 
formation systems, such as the Office of 
Technical Services (U.S. Department of 
Commerce ), the Science Information Ex- 
change (of the Smithsonian Institution ) 
etc.; (c) the major intra-agency systems 
—such as non-classified information activi- 
ties of the Department of Defense, the 
National 


Aeronautics and Space Administration, 


information activities of the 
the Atomic Energy Commission, the Pa- 
tent Office of the Department of Com- 
merce and others; (d) major Federally- 
supported information centers, such as 
the Defense Materiel Information Center, 
etc. 

The theme of the network, I repeat, 


should be voluntary cooperation. The 


modus operandi of the network should 


be rapid evolution toward machine sys- 
tem compatibility and integrated dissem- 
ination to the highest practical degree 

None of the major units in the net- 
work—with separate statutory responsi- 
bility—should lose its independence. 
None should be deprived of its right and 
duty to fulfill its particular statutory mis- 
sion; instead, each should be enhanced 
in its capability to serve in conjunction 
with others. 


Reorganization and Expanded Service 
in Commerce Department 


Secondly, a key Federal station in the 
network, serving the scientific, and, par 
ticularly the 
should be a bureau which might be 
termed “B.I.T.S..” a “Bureau of Informa 
tion for Technology and Science.” 


It should be established within the De 
partment of Commerce and should be 


engineering communities 


come a principal point for gathering and 
distribution of tax-supported, non-classi 
fied, technological and scientific reports 
to all individuals requesting them. The 
information disseminated should include 
coverage of both pre-publication and 
post-publication material, i.e., on current 
as well as on comple ted scientific and en 
gineering projects, in addition to “non 
conventional” forms, e.g., audio-visuals, 
among others. “B.I.T.S.” 
to the fullest the 33 field offices of the 


Department of Commerce as channels of 


should utilize 


service to the American free enterprise 


system. 


National Referral System Needed 


“B.LT.S.” should be a focal point for 
a National Referral System whereby in 
quirers—located anywhere in the Nation 

could “tap into” the Federal network, 
and, to the extent private sources may 
wish to cooperate, into non-Federal in 
formation resources, as well. 

Passive information services should be 
replaced wherever practical and feasible 
by active anticipation of needs and ful- 


fillment of useful service. 
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Evaluation the Next Link in Dawn of an Era of “Intellectual 
Information Control Engineering” 

Pointing the way is a pioneering exper We are at the dawn of an Information 
iment in Detroit in which technical in- Age. It is an age of unparalleled prom- 
formation is linked with the next crucial ise and unprecedented peril. 
step—technical evaluation. There, in a The engineer must be more than the 
voluntary effort, the Office of Technical servant of advanced industrial effort; he 


Services is not only distributing reports must _— others as its spokesman. 

He is the indispensable element for 
what may be termed “intellectual engi- 
neering —the placing of engineering sci- 
ence at the disposal of man’s most cre- 


through standard channels and media, 
but, at the request and suggestion of pri 
vate engineering societies, is directing 


cialize eports to qualified enginee é 
specialized reports to qualified engineers ative processes, his most rational deci- 


for their technical evaluation and_ for sion-making, his most enlightened ac- 
their active dissemination to possible in tions, based upon the totality of availa 
dustrial users. ble information. 


NEW SUBSCRIPTION RATES 
FOR JOURNAL OF ENGINEERING EDUCATION 


Che subscription rates for the JouRNAL OF ENGINEERING EpUCATION are being 
changed to $10.50 per year tor the United States and Canada, and $12.00 per year 
for all other countries 

The change becomes effective with Volume 53, Number 1, which will be pub- 
lished in September 1962 


ME DOCTORATE AT RUTGERS 


Establishment of a doctoral program in the Mechanical Engineering Department 
of the Rutgers College of Engineering has been announced by Dr. Mason W. Gross. 
president of the State University 

Students for the new graduate program leading to a degree of Doctor of 
Philosophy are now being accepted for the 1962-63 academic year. 

The new program, according to Dr. Elmer C. Easton, dean of the College of 
Engineering, will consist of formal and individual academic studies for careers in 
research, college teaching and designs and system synthesis. The college, he pointed 
out, already offers doctoral programs in ceramics, electrical engineering and sanitary 
engineering. 

Dr. Robert H. Page, chairman of the Mechanical Engineering Department, will 
direct the new graduate program. Its formal course offerings will include transport 
phenomena, advanced heat transfer, energy conversion, thermodynamics, hydromag 
netics, mechanics of compressible fluids, mechanics of real fluids, continuum mechanics, 


analytic dynamics, combustion, applied gas dynamics and theory of turbulence. 








Take-Home Laboratories 


RICHARD D. THORNTON 


Department of Electrical Engineering and Research Laboratory of Electronics, 
Massachusetts Institute of Technology, Cambridge, Massachusetts 


The development of an inexpensive take-home electronics laboratory kit has mad: 
possible a substantial increase in the flexibility of the teaching of laboratory subjects 
in the Department of Electrical Engineering at the Massachusetts Institute of Tech 
nology. This paper describes the laboratory kit and discusses its application to aca 


demic teaching and research. 


Several faculty members in the De 
partment of Electrical Engineering at 
Massachusetts Institute of Technology re- 
cently undertook to re-examine the en- 
tire undergraduate laboratory program 
with the hope of overcoming many short- 
comings. Among the conclusions of this 
study was the feeling that laboratory 
teaching has been too inflexible, primar- 
ily because of economic reasons. There 
was general agreement that it would be 
desirable to give each student his own 
laboratory bench on a permanent basis so 
that he could carry out experiments ap- 
propriate to the subject material dis- 
cussed in class. 

Inevitably some subjects will be more 
experimentally oriented than others, but 
it is difficult to conceive of a single engi 
neering subject that could not benefit from 
some experimental work. Unfortunately 
most university schedules tend to force 
a subject to be either theoretical or exper 
imental. Those theoretical subjects that 
include laboratory material in a weekly 
laboratory session seldom achieve the ob- 
jective of integrating theory with experi- 


This work was supported by a Ford 
Foundation grant to MIT for the 
improvement of engineering edu- 
cation. 


Vt 


ut 


ment. The instructor is seldom able to 
introduce experiments exactly when and 
where they are needed to produce the 
fullest impact. Also, these 


weekly laboratory sessions are usuallh 


S¢ hedule d 


“quantized” into discrete chunks of time 
with little chance for extending project 
over more than a single laboratory pe 
riod. As a result, it is common practice 
to fall back on cookbook experiments 01 
to restrict the students to simple projects 
that can be accomplished in this quan 
tum of time. 

Initial attempts to increase the labora 
tory quantum unit consisted of abolishing 
the three-hour scheduled laboratory in 
favor of an open-door laboratory. Eac! 
student was allowed full use of the lab 
oratory from 9 A.M. to 9 P.M. one dai 
a week Was 


formally scheduled with the student al 


each week. Only one how 


lowed complete freedom to come and go 
for the remaining eleven hours. This ir 
creased freedom of time did give encou 
aging results but served only to increass 
our appreciation of the inflexibility of 
The details of thi: 


inflexibility are all too familiar to teachers 


laboratory subjects. 


who have tried to create an educational] 
laboratory environment similar to that 
which might be found in industry or in 
academic 
problem is particularly acute when we 


research laboratories This 
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TAKE-HOME LABORATORIES 


are dealing with several hundred students 
at the sophomore or junior level. 


A New Connection Scheme for 
Experimental Electronics 


Recognizing that we faced an economic 
problem of not being able to supply 
space and equipment for each individual 
student, we made an effort to develop 
some dormitory-laboratory facilities. The 
field of electronics seemed _ particularly 
amenable to experimentation because of 
the small size and low cost of most con- 
temporary electronic components; there 
seemed no doubt that we could afford to 
loan or sell to each student several hun- 
dred electronic components suitable for 
constructing a wide variety of electronic 
circuits. The great difficulty seemed to 
lie in devising a 
scheme that would not require time-con- 
suming and component-destroying solde1 


circuit-connection 


joints or involve expensive and_ bulky 
mounting boards and leads, and_ still 
would make reliable electrical connec 


tions. Briefly, we needed a small, cheap 
quick, and rugged connection scheme 
Existing schemes all seemed to fail on at 
least one of these four counts 


Although the circuit-connection scheme 
at first glance, seem like a rather 
small part of the overall problem, this is 
not the case. The best proof of the dif 
ficulty is to different 
schemes have been employed by educa 
tional 


may, 


note how many 


institutions, electronic toy manu 
facturers, and research and development 
The lack of a 


the proof of the problem 


laboratories standard 


S 


Our solution to the connection problem 
is not purported to be ideal from every 
point of view, but does appear to offer 
sufficient improvement to merit descrip 
tion in this paper 

To make a 
sorted to the use of the round, tapered, 
resilient plug—alias the toothpick. The 
absurdity of wiring circuits with tooth- 
picks can only be justified by the fact that 


short storv long, we re 


they actually work! The picture in Fig- 
being com- 
a toothpick. The 


ure | shows a connection 


pleted by means of 


Ut 
Yt 
Ut 





Fig. 1. 


Making a circuit connection with a 
toothpick. 


component leads are inserted into hollow 
metal pins and the toothpick is then 
forced into the pin. The wedging action 
that is due to the toothpick taper forces 
the leads into conducting contact with 
each other and with the metal pin. The 
resilience of the toothpick helps to main- 
tain pressure between the leads and pre- 
vents the toothpick from falling out. In 
the process of inserting the toothpick the 
leads will slide against the pin and there- 
by create sufficient wiping action to in- 
sure a good connection in most cases; 
typical contact resistances run from ap- 
proximately one to ten milliohms. The 
only serious problem arises when two 
leads with greatly different diameters are 
Even then the connec- 
tion can be made with a little care and, 
once made, seems to be reliable enough 
for most laboratory 


to be connected. 


Ww ork. 


In addition to the previously mentioned 
assets of the common toothpick, there is 
the feature that toothpicks always seem 
to come in assorted sizes. Hence a thin 
sharp toothpick can be used for connect- 
ing six or seven leads, while a thick dull 
one will work best in the place where 
The 
only improvement that one might desire 
is to find a treatment to make wood con- 
ducting so that the reliability of connec- 
tion might be improved. 


only two leads are to be connected 


A circuit-connection board containing 
a three-stage feedback amplifier is shown 


in Figure 2. Some of the details are ap- 


parent in this figure. The lucite base is 
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Fig. 2. 


Three-stage transistor feedback am- 
plifier. 


one-eighth inch by 4 inches by 6 inches 
with 84 nickel-plated brass pins spaced 
seven-sixteenth inch apart in a hexagonal 
array. The seven-sixteenth inch spacing 
appeared best for the 0.5-watt composi 
tion resistors and semiconductor diodes 
that seem to be the most common circuit 
elements. The hexagonal array offers the 
advantage of having six nearest neighbors 
for each pin plus a triangular arrange 
ment that is convenient for transistors 
The transparent base has the advantage 
that circuit wiring diagrams can be 
placed directly under the board to fa- 
cilitate wiring and trouble-shooting. An 
example of a circuit wiring diagram is 
shown in Figure 3. 
An important feature of this connec 

tion scheme is that once a component's 


out -V 


c c '@ 
~ Oo O 
O O O O 


.e) O O O O O 


Multivibrator circuit as wired on the 
connection board (actual size ) 


Fig. 3. 


leads are properly bent and cut to fit the 
board, they need never be rebent. Hence 
there seems to be negligible component 
loss through lead breakage. 


To increase the flexibility of the system, 
a chassis is used to hold larger compo 
nents such as transformers, tube sockets, 
terminal posts, and potentiometers, and 
to provide an electrical shield, act as a 
heat sink for power transistors, prevent 
toothpicks from being broken, and make 
circuit stacking possible. A circuit for a 
graduate-student project is shown in Fig 
ure 4, This circuit is a music generator 


and contains several hundred compo 
nents. For projects of this scope the size, 
cost, and reusability features of the sys 


tem appear particularly attractive. 


At present, our basic undergraduate kit 
contains approximately 160 ten per cent 
0.5-watt resistors, 15 capacitors (includ 
ing ten per cent Mylar and mica, and 
miniature electrolytics), 4 silicon power 
rectifiers, 4 germanium diodes, 6 transist 
ors, 6 potentiometers, 2 terminal posts, a 
transformer and power cord, the board 
assorted toothpicks, and 

\ more detailed list will 


be sent upon request to anyone inter 


and chassis 


pieces of wire. 


ested. 

lo improve the versatility of the kit 
we included a small 30,000Qvolt multi 
tester (cost $17 


ponent storage, and a fom 


, a plastic box for com 
inches by 
eleven inches by eleven inches carrying 
case to make it portable. The general 
scheme of things can be seen in Figure 5 

The total cost of the material in this 
kit is approximately $45 when the com 
ponents are purchased in quantities of 
500 or more. For small quantities, and 
with indirect costs included, the price 
Even at a total cost 


of SSO, however, the long-range cost to 


will almost double. 


a university does not appear to be exces 
sive in view of the reusability and low 
cost of maintenance. 

We are 
miniature oscilloscope, with a view to 
ward increasing the flexibility. We feel 
that eventually a fairly complete minia 
ture laboratory kit can be developed that 
will cost less than $120 per student. 


now trying to develop a $40 


Use of the Take-Home Kit 


An immediate objection to the home 
laboratory idea is often raised and would 
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Fig. 4. 


run like this, “I don’t see how you can 
eliminate laboratory subjects and instruc 

tors.” It should be strongly emphasized 
that the laboratory kit was never intended 
to replace either the laboratory instructo1 
laboratory 


extensive in-school 


The purpose of the kit is 


or more 
experiments. 
to introduce a new dimension of flexibil 
teaching of 


ity into the experimental 


ideas 
It is 
techniques used for teaching theoretical 
and experimental material. Among the 
student 


interesting to examine various 


channels through which a can 
absorb new ideas are the eight listed be 
low. The main problem in teaching is to 
achieve a balance among these various 
channels, which is economically feasible 


and pedagogically appropriate 

The various checks indicate the pri 
usually available 
The channels that 
open up through the use of a home lab 


mary channels that are 
to college students. 


oratory are home problems, experimental 


Graduate-student project. 


Use for 
Use for Teaching 
Teaching Experi- 
Learning Channels Theoretical mental 
Material Material 
Classroom Activities \ te) 
Faculty-Student 
Relationships \ (?) 
leaching-Assistant Help (?) \ 
Problem Sessions \ \ 
Textbooks \ V (?) 
Library Study \ 
Home Problems \ Kit 
Assigned Projects \ Kit 
Informal Creative 
Investigations \ Kit 


projects, and informal experimentation 
Among the fringe benefits is the chance 
to relegate some of the detailed experi- 
mental work to the dormitory and there- 
by free valuable laboratory time and 
space for more significant experiments. 


For example, most of the circuit wiring 
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Fig. 5. Basic kit used by MIT undergrad- 


uates. 


and trouble-shooting can be done in ad- 
vance of actually going into the labora- 
tory, and circuits can be kept intact from 
week to week. Thus some of the availa- 
ble laboratory time can be used to per- 
form occasional experiments in subjects 
that do not have scheduled laboratories. 
For example, our present juniors taking a 
field theory subject have done simple 
field plotting on teledeltos paper even 
though the subject had no assigned lab 
oratory. 

In passing, it seems worth noting the 
question marks in our listing. These are 
channels that, perhaps, need further em- 
phasis in many schools. In particular, 
there is a vital need for better texts re 
lating to experimental subjects, that is, 
texts designed primarily to teach and 


not merely to catalog, depict, and ex 
plain 1001 methods of experimental 
measurement and_ standard pieces of 
equipment. Moreover, these texts can 
be most effective when written with the 
view of being used in a laboratory e1 
vironment with suggested experiments 
interspersed with reading matter and 
conventional paper-and-pencil problems 


Summary 


Briefly stated, the take-home labora 
tory has a the ore tical chance of being et 
fective in four ways: 

} 


1) Some experimental work can_ be 
done at home with a resulting i 
crease in freedom and effectiveness 
in the use of in-school laboratory 
facilities 

2) The project type of experiment 
can be extended over several weeks 
without exorbitant expense of time 


or money. 


3) Experimental home problems can 
be assigned in subjects that have 


no need of a scheduled laborator 


1) Students have more chance for 
original experimental work—expe 
imental creativity becomes a possi 
bility at the undergraduate level 


Remember, however, that these theo 
retical advantages can only be proved 
by actual experiment. If, in fact, we 
achieve even a modest improvement 
teaching effectiveness the effort will be 


well worth while. 
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Imagination in Engineering 


A Call for Dr. Bianchon 


T. J. RHODES 


Assistant Director, Engineering Research 
United States Rubber Company 


Our world is becoming increasingly 
complex. It continually demands solu 
tions to more and more difficult engineer 
ing problems. It is in desperate need of 
good engimeers with highly creative tal 
ents. Yet there seem to be too few of 
these engineers—on stage or rehearsing in 
the Wings 

Fortunately there is a new ind grow 
ing emphasis on creativity in engineering 

fortunate tor our American economy 
indeed for the future of the free world 


Creativity Must Be Increased 


New techniques will be needed to im 
prove the creativity of engineers present 
and future. New training techniques will 
be required And the traditional role of 
the engineer as a professional man will 


have to be re-evaluated 


[wentv or thirty years ago, the engi 
neer was thought to be a builder. He was 
taught in school to be just that. A careful 
look at an engineering textbook of that 
time, or even some books ot today, will 
confirm this. It is all there in the book 

store of scientific facts organized to 
teach someone to build something 


Verv few textbooks. or other books 
tell the engineer what to build. This de 
mand for creative direction is engineet 
ing’s greatest current need. Invention 
was, and to some degree still is, con 
sidered the prerogative of the “odd-ball.” 
an individual often without formal train 


ing 


New Techniques to Aid Creativity 


When a skill is clearly needed, methods 
will naturally be developed to teach 
new people these skills. In the modern 
world the creative process must be taught 
to technically trained men and women. 

\ poorly trained or untrained indi 
vidual can no longer ¢ ompete in the com- 
plex technical world. Unfortunately, the 
intellectual traits and talents required for 
success in formal engineering training are 
not always compatible with those needed 
for creative endeavors. 

Recognition of two kinds of engineers 
is growing. There are those who are 
gifted in mathematics and analytical 
methods. These engineering students are 
making excellent records in our present 
engineering schools. There are also those 
people who have creative and original 
minds, but who are not interested in the 
mathematical and analytical phases of en 


gineering. They may be extremely et 


thusiastic students, but their grades may 
be iverage Or poor. 

\ book could be written on this inter 
esting problem in education. Both kinds 
of engineers need methods of improving 
their creative powers. 

Some promising new techniques for 
developing creative ideas have been used 
in industry. One publicized widelv is 
“brain-storming.” This system is based on 
the assumption that two heads are better 
than one and provides procedures for a 
group of people to think about a prob- 
lem together 
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Special checklists have also been 
worked out to aid in problem solving. 
Some industrial companies give special 
courses in creativity to those who show 
aptitude in this field. There is evidence 
that training aids and formalized ap- 
proaches to creativity yield some gains. 

Creativity, however, is essentially a 
personal and subjective human action. 
It cannot be greatly stimulated by group 
activity or formal rules of attack on a 
problem. I propose to discuss some of the 
factors I believe are essential to improv- 
ing engineering creativity. Since these 
ideas and opinions are personal and not 
easily subject to any scientific analysis, 
the reader will have to accept them for 
what he believes them to be worth. 


Insufficient Emphasis on Imagery 

When the engineer has developed his 
powers of imagery to a high degree, en- 
gineering creativity is usually high. He 
must be able to create clear and de- 
tailed visual pictures. If he can do this, 
the synthesis of these images into some 
thing new and creative is almost certain 
to follow. 

An example of what is meant by good 
imagery is the insomniac who was ad- 
vised to count sheep jumping over a 
fence to cure his sleeplessness. He tried 
it, but said he was kept awake by the 
confusion involved in getting them over 
the fence; the dust bothered his eves, the 
noise was disturbing, it was uncomfort- 
ably hot and the smell was awful. 

We all can recall the powerful effect 
a good ghost story had on our imagina 
tions as children. In fact, there is strong 
evidence that imagination is highly de 
veloped in most children and that we lose 
this power as we get older. 


The value of rich imagery to the engi 
neer should be obvious. With trained 
imagery, Many experiments can be made 
without construction costs. Innumerable 
modifications can be .accomplished and 
tested. Onlv the critical and essential ex 
periments need be actually set up an 
run. 


Since the cost of engineering experi 


ments far exceeds the cost of experiments 
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made in many other fields, the import 
ance of superior imagery is clear. Its ap 
plication can give one engineer or one 
company a large advantage over another 
company less able to bring these talents 
to bear on its problems. 


Another powerful use of imagery is 
the avoidance of errors. The engineer 
with poor imagery will not discover et 
rors in design easily since he will not be 
able to assemble the elements of the de 
vice in correct spacial relation. 


Why Is Rich Imagery so Rare? 


When we consider the power which 
imagination and imagery can give to the 
engineer, we wonder why it so often 
seems to be lacking or of poor quality. 
Again, we are dealing with subjective 
and psychological problems not easilv re 
moved from the area of opinion. How- 
ever, some of the probable reasons can 
be discussed. 

Loss of imaginative power may be due 
to the fact that there is no reward for 
imagination during our formative years 
Small children are rewarded at school 
and at home for adhering to facts and for 
following prescribed procedures, but 
imagination and fanciful behavior often 
are suspect. 


Even at the college level, usually no 
emphasis is put on original or imaginative 
performance. Rich imagery is identified 
with the esc apist, or the ineffectual 
dreamer with low motivation. The un 
fortunate result is that often the mature 
and highly motivated engineer cannot ob 
tain rewards which would otherwise be 
available to him because of his earl 
training. 

Effective imagerv for engineers is also 
reduced by the modern emphasis on the 
abstract, and by the mathematical ap 
proach to problem solving. The engineer, 
and in particular the potential engineer 
reads so much about the power of the 
computer and the successes obtained with 
mathematical methods, he tends to forget 
that the science of mathematics is only a 
tool, however useful and important. it 
mav be. To refer again to our insomnia 


counting sheep what he was supposed 
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to be doing was to count abstract mathe- 
matically defined sheep. You can be sure 
that these sheep would be well behaved 
and would induce sleep quickly. 

True, certain branches of mathematics 
do require visualization, but much of the 
field involves a grasp of pure abstractions 
not capable of being pictured as a reality. 
Part of the difficulty comes from confus- 
ing the roles of the scientist and the en- 
gineer. The scientist must by necessity 
deal regularly with abstract concepts. The 
engineer deals largely with concrete and 
easily described things. 

An example can be found in patent 
literature. If you look at a thousand 
patents taken at random, the odds are 
against finding even one described in 
mathematical terms of a high order. Prob- 
ably 900 would not be described in any 
mathematical way. 

A new and useful machine is not ab 
stract. Neither is a new electrical circuit 
or a new chemical composition. There 
have been many brilliant engineers and 
inventors who knew or used very little 
advanced mathematics, for example, 
Thomas Edison and Major Armstrong. 

I do not want to leave the impression 
that mathematics is not important, or in 
fact essential, to the engineering world 
[ do believe that perspective must be 
used. 

Another force working against creatiy 
ity is the inordinate pursuit of knowledge 
This may be heresy, but many engineers 
and scientists take too much to heart the 
idea that inventions cannot be made in 
a vacuum. Of course they cannot, but 
inventions and creative ideas will not be 
obtained if the engineer spends all of his 
time learning and gathering information. 

The most learned and best informed 
individuals I know are not the most crea 
tive. The creative man has had to spend 
considerable time just thinking 

If we are to continue to emphasize ad 
vanced training for engineers, we must 
at the same time convince the student 
that, in general, he must change _ his 
habits and ways of thinking when he 
starts his engineering career. He will have 
to do proportionately more thinking and 


less learning 
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How to Develop Imagery and 
Imagination 


If this discussion is to be worthwhile, 
it should lead to some suggestions which 
might be helpful to us all in improving 
our creative powers. Again, there are no 
certain guides as to how to do this. A 
few suggestions can be made. 

Creative engineering is an art, and 
meaningful relationships exist between 
artists and engineers. Some notable ex- 
amples of men who have succeeded in 
both fields are Leonardo da Vinci and 
Alexander Graham Bell, for example. 

Imagery is required in the arts and it 
can be cultivated by practicing them. 
Painting or sculpture come to mind as 
useful hobbies. Chess playing is an ex- 
cellent pastime requiring high powers of 
visualization. Blindfold chess would be 
even better. 

Sports which require strategy are good 
training. One of the attributes of a good 
football player is his ability to visualize 
a complex situation and act intelligently 
with respect to it. Much of the difference 
between a very fine player and an aver- 
age player lies in this mental ability, since 
it is not easily explained by differences 
in physical prowess or speed of reflex. 


\ wrestler is confronted with a fluid 
and infinitely variable series of situations; 
so is a basketball player. A long-distance 
runner is obviously limited in the exer- 


cise of strategy. 


Time is the most important concept 
of all in creativity. Here again we can re 
late the problem to the field of the arts 
and crafts. Unless a person is thoroughly 
familiar with a particular art or craft, he 
is almost certain to greatly underestimate 
the time required to accomplish a par 
ticular objective. Many people starting a 
craft or hobby become discouraged be 
cause they are not prepared to spend the 
time required to obtain a_ satisfactory 
work. 

Che engineer entering the field of crea 
tive endeavor does not know and usually 
greatly underestimates the time required 
to achieve an inventive concept. Many 
men become discouraged and conclud 
that their creative talents are limited 
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simply because they have not persisted 
long enough. 

An acquaintance told me he had 
taken 700 hours of continuous thought to 
arrive at a satisfactory answer to an im- 
portant problem. He had arrived at this 
figure by following the habit of going to 
bed an hour earlier than required and 
thinking about the problem during that 
hour. His success was assured by three 
important factors. First, he was in an en 
vironment free from distraction. Second, 
he engaged the problem over more than 
a few minutes at a time so that he could 
search the problem in depth. Third, he 
persisted until a solution was found, even 
though it took almost two years of ap- 
plication. 

A creative accomplishment in any field 
is a work of art. It is unrealistic to expect 
that success can be achieved with less 
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time in the field of engineering than in 
other creative fields. We must be pre 
pared to spend hundreds of hours of un- 
interrupted thought. 


Conclusion 


Honoré de Balzac was one of the most 
creative and writers the 
world has known. His output was enor- 


imaginative 


mous and encompassed a series of novels 
which covered the whole gamut of human 
affairs. He called this series La Comédic 
Humaine. 
to the people in this “comedy” was called 


Dr. Bianchon. 


On his deathbed Balzac is said to have 
repeatedly called for Dr. Bianchon 


The doctor who administered 


I suggest that when an engineer needs 
a solution to a problem he also must “call 


for Dr. Bianchon 


BIO-ENGINEERING CURRICULUM AT MICHIGAN 


The University of Michigan next fall will ofter a new educational program 


called bio-engineering—in the College of Engineering to combine studies in anv aré 


of engineering with those in the medical and biological sciences. 


The program will provide engineering graduates equipped to perform profes 


sional tasks related to lite and living systems 


Under it an engineering student may take courses for credit in a wide range of 
biological or medical subjects—such as anatomy, botany, bacteriology, biochemistry 
organic or physical chemistry, and zoology—along with the courses required for his 


chosen engineering degree. 


He will be graduated with an engineering degree, but also with the knowledge 
necessary to enable him to work professionally in many areas associated with medicine 
dentistry, pharmaceutical and other biological research. 








The Use of Laboratories in Learning 


HARRY C. KELLY 


Associate Director (Educational and International Activities), 


National Science Foundation 


My discussion of the use of labora- 
tories in learning will be fairly broad, 
partly because I believe there are pro- 
found changes needed in the engineering 
curriculum and laboratories resulting 
from rapid 
partly because I should like you to be 
familiar with the National Science Foun 


dation s programs In engineering educa 


advances in science, and 


tion directed toward course content and 
laboratory studies for our guidance 

To support the argument of the need 
for a critical review of engineering course 
content, I should like to read a section of 
a speech by Dr. E. W. R. Steacie, Presi 
dent of the National Research Council 
of Canada, given on November 4, 1960: 


The whole question, . . . of the relation 
of science to society and to government 
is confused by a general lack of under 
standing of what science is, and in par- 
ticular of its relation to technology This 
confusion is most unfortunate, especially 
in relation to spectacular things. Thus 
the launching of the first space satellite 
was hailed as a great scientific achieve- 
ment. In fact it was an engineering or 
technological achievement not a scientific 
one. Scientific experiments may have 
shown the way, but science does not 
launch satellites. The whole furore about 
the status of Eastern Science 
Western which followed, was thus based 
on a profound misconception What 
should have been discussed was the status 
of Eastern versus Western technology 


versus 


Presented to the Middle Atlanti 
Section Meeting of the American 
Society for Engineering Educa- 
tion, Lehigh University, Bethle- 
hem, Pennsylvania, May 6, 1961 


government organization of engineering 

projects, etc. 

Our main tasks in the Foundation are 
to develop national policy in research and 
education in the sciences and to serve as 
investors of funds entrusted to us by 
Congress. 

There are fundamental changes taking 
place in high school science and mathe- 
matics that will affect not only engineer- 
ing laboratories but the whole of engi- 
neering curricula. I believe our colleges 
and universities will have to adapt them- 
selves to this better preparation in sec- 
I should like to describe 
some of these activities, especially those 


ondary school. 


supported by the National Science Foun- 
dation. 

Che focal aim of the educational pro- 
grams of the National Science Founda- 
tion is to help the nation grow toward 
excellence. For the most part, these pro- 
grams seek to give individuals opportu- 
nities to gain fuller and more penetrat- 
ing understanding of contemporary sci- 
ence and technology. This is the purpose 
of programs as varied as special summer 
courses and research experiences for very 
bright high school students, subject-mat- 
ter conferences and institutes for school 
and college teachers, fellowships for 
graduate students, and fellowships for 
advanced scholars. 

Complementing this, one area of our 
activities centers on support for improv- 
ing the substance of courses and curric- 
ula themselves. The curriculum is the 
heart of educational programs, and the 
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only way we can hope to make the best 
that mankind has learned and thought in 
the great struggle to understand the 
world and ourselves available to our 
children and young people is to involve 
the best talents the nation has in creat- 
ing instructional materials. We can no 
longer afford slow filtering-down proc- 
esses. The gap between explorers on the 
frontier and learners at every level must 
be narrowed as much as possible. As ev- 
eryone in this group is aware, science 
and technology are advancing at a re- 
markable, even dizzying, rate: the dou- 
bling period for the world’s scientific lit- 
erature is now down to about 10 years. 
The scientific community is now con- 
vinced that we can no longer tolerate 
school mathematics programs which ig- 
nore everything mathematicians have 
learned since 1750, introductory physics 
courses which fail to communicate an 
insightful understanding of the revolu- 
tion wrought by Planck and Einstein, 
Bohr and Schrodinger, basic biology in- 
struction that slights contemporary find- 
ings on the ordered dynamics of cell 
function, evolutionary processes, and the 
phenomena of animal and human be- 
havior. 

The purpose of the Foundation’s 
Course Content Improvement Program, 
then, is to supply funds which will help 
bring scholarship of the highest order to 
the development of curricula, courses 
and instructional materials. Initiated and 
led by outstanding mathematicians, sci- 
entists, and engineers, course content im- 
provement projects enable scholars who 
are masters in their fields to focus their 
knowledge, imagination and time on the 
creation of new paths to learning. The 
work is carried out with the cooperation 
of highly competent teachers at appro- 
priate levels, experts in the communica- 
tions arts and all other kinds of specialists 
that may be needed. Projects are gener- 
ally of national scope and potential sig- 
They 


small-scale experiments to efforts involv- 


nificance. range from relatively 
ing teams of several hundred scientists 
and teachers, but the largest share of 


funds is used for major nationwide proj- 


ects. A given project may focus on spe- 
cific laboratory equipment, films, a single 
course, an entire curriculum, or a group 
of related disciplines. Projects consid- 
ered for support are sponsored by col- 
leges, universities and scientific organiza 
Support is limited to the design 
and development of courses and mate 
rials. Preliminary versions may be tested 


tions. 


in selected schools and classrooms, to 
help insure that the final product is both 
as good science and as effective for teach 
ing as its inventors can manage. Once in 
being, however, the products must make 
their way on their own merits 

By the end of the current fiscal year 
(June 30, 1962) the Foundation will 
have invested approximately $29 million 
in these endeavors over the past nine 
While this may sound like a lot 
of money, it must be noted that it is 


years. 


spread over all levels from elementary to 
university and all science fields from an 
including 
mathematics and engineering. Further, 
those who have gotten into this kind of 
job find that it is much harder than they 
might have expected at the outset. To 
build a new physics course for high 
schools, for instance, as the Physical 
Science Study Committee has been do 
ing under the leadership of Professor Jet 
rold Zacharias of MIT, required four 
years of very hard work by a large team 


thropology to zoology, and 


of physicists, film people, technicians, 
teachers—and the job isn’t really finished 
yet, although a first definitive version of 
a model course, complete with textbook 
laboratory program and equipment, spe 
cial films, supplementary readings and 
examinations is now available to any 
This job re 
quired the investment of nearly $6 mil 
lion by NSF and a number of private 
foundations. Be it noted, however, that 


what we are trving to do is to get really 


schools that want to use it 


first-rate physics into the hands of ou 
youngsters; out of this will flow the re 
search, the technological development 
even our survival and civilization tomor- 
row. Congressional support for efforts 
like the NSF Course Content Improve 


ment Program provide evidence of a fun 
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damental change in public recognition of 
what is needed for excellence in educa- 
tion which may have very far-reaching 
effects upon our educational system. 


To date, special emphasis has been as 
signed to the development of secondary 
school courses. This was the job that sci- 
entists and school people felt must be 
tackled first on a large scale. I’ve al- 
luded to the Physical Science Study Com 
mittee already. Their course is being 
used this year by some 80,000 students in 
schools in all sections of the country. 
Further, the films and other materials are 
beginning to form a part of courses o1 
ganized on other lines, and publishers 
display interest in getting new books that 
have a comparable modern approach. It 
was never the intention of the PSSC 
and certainly not of the Foundation—to 
claim that there is any single best way to 
present physics to high school boys and 
girls. The goal was to invent at least 
one course that tries to lead the student 
to think his way through some of the fun- 
damental ideas of physics as we see them 
now and to prepare himself for further 
study, to have at least some understand- 
ing of the great developments the future 
will certainly bring. 


Similar work is going on in mathemat- 
ics (grades 1 through 12), chemistry 
two groups, reflecting the fact that dif- 
ferent groups of chemists see different 
but persuasive ways of organizing their 
subject) and biology (one project, but 
three different courses, plus an interest 
ing block laboratory program and_ re 
search-like work for gifted students). In 
addition, the geologists are coming up 
with a sourcebook of materials, meteor 
ologists are working on films and pape 
back monographs, and work is being 
planned in other fields. 

It should not be thought that all the 
work in this domain is financed by the 
National Science Foundation. Pluralism 
and diversity are hallmarks and one of 
the great strengths of American educa 
tion. It is heartening to see that private 
foundations and educational institutions 
themselves are also helping to support 
some efforts. In mathematics, for exam- 
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ple, thoroughly capable people are work- 
ing in a number of different directions; 
their flavor is broadly similar, but in de- 
tail they give room for lively experimen- 
tation and a broadly conceived effort to 
create a new generation of mathematics 


courses, 


Up to the Colleges 


What is happening in the schools has, 
of course, profound implications for ow 
colleges and universities. There is al- 
ready evidence that the whole major 
move throughout the country to improve 
schools and school offerings is paying off 
in terms of the qualifications and orien- 
tations of students coming to institutions 
of higher education. Course content im- 
provement projects are only one factor 
among many; indeed, their effect is only 
beginning to be felt. But the net result, 
we hear from our friends in the colleges, 
is that students are coming with better 
math, better science, better work in hu- 
manities and social studies. The next 
move is up to the colleges. 


At the college level it turns out that 
we support three different kinds of un- 
dertakings. First, scientists find a need 
for taking a hard look at a field and try- 
ing to come up with some basic guide- 
lines for curricula and courses. We have 
provided support for a number of ef- 
forts of this kind in engineering. Four 
years ago, for example, a conference was 
held at MIT, with joint sponsorship from 
the Electrical Engineering Division of 
ASEE, on new developments in EE and 
their implications for curricula. From 
all reports this was a stimulating affair 
and encouraged many departments to em- 
bark on a variety of new plans. Two 
summers ago the electrical engineers held 
a conference at Case Institute to con- 
sider a more specific problem—research 
in materials and its implications, and last 
summer there was a conference at the 
University of Pennsylvania on systems 
ngineering and what it may mean for 


e 
EI 


programs. 


The report of a similar study in civil 


engineering was also published. Spon- 
sored by Cooper Union, ASCE and 





566 JOURNAL OF ENGINEERING EDUCATION 


ASEE, this involved two meetings of a 
small study group and a large session at 
Michigan in 1960. Regardless of specific 
recommendations and viewpoints, the 
project exposed some fundamental issues 
and has encouraged lively debates on 
campuses—where, in the end, the real 
work of changing courses has to be done. 
Another grant enabled the American In- 
stitute of Chemical Engineers to make a 
study of emerging trends in this field; 
the resulting report of the “dynamic ob 
jectives” committee has been widely cir- 
culated. 

In mechanical engineering the crucial 
issues appear to be laboratory and de- 
sign. There is growing recognition that 
laboratory should focus on experimen- 
tation and principles. Routine testing and 
machine operation do not get us very 
far; today’s machines are not the ones 
our graduates will build and use. At Le- 
high, therefore, the late Professor Hart- 
man and Professor Thomas Jackson have 
undertaken to develop materials for prin- 
ple-centered experimental laboratories. 
This project is closely coordinated with 
others at North Carolina State College, 
the University of Wisconsin and New 
York University; among them they have 
sparked wide interest which led to a con- 
ference called by the foundation in 1960 
and to a considerable number of pro 
posals for teaching equipment develop- 
ment. 

Last June a group convened at the 
University of Colorado to develop a mod- 
ernized syllabus in solid mechanics. A 
number of projects involve the design 
and development of laboratory equip- 
ment designed to get research down to 
the teaching level. Engineers have also 
discovered that films can make a power- 
ful contribution, provided they are made 
by the right people. Films on fluid dy- 
namics are now being made at the Uni 
versity of Minnesota, the State Univer 
sity of Iowa and in Watertown, at the 
studios of Educational Services Incor- 
As an adjunct to the PSSC 
course in physics, Professor Ascher Sha- 
piro at MIT undertook to make four half- 
hour films on the dynamics of drag. 


porated. 


Vol. 52—No. 9 


Their success prompted the formation of 
a National Committee on Fluid Mechan 
ics Films, which has set to work on a 
large effort to make high-quality instruc- 
tional films.! 

You will have noted that in engineei 
ing we have been getting proposals 
mainly oriented toward the established 
disciplines. Leading engineers, as they 
come in and talk to us, emphasize the im 
portance of the points of contact—ther 
modynamics, transport phenomena, sys 
tems and so on. A number of institutions 
have already introduced radical changes 
in curricula, UCLA’s basic core being 
among the most familiar. 


The Commission on Engineering 


About a vear ago we asked a disti: 
guished group of engineers to meet with 
us to advise the Foundation on this prob 
lem. Is there need for major interdisci 
plinary effort to develop instructional 
materials? 
ically affirmative. Following the conte 


Their advice was emphat 
| 


ence the group was so inspired that they 
themselves took the next step, trving to 
get down to cases on the problem. Un 
der the chairmanship of Dean John §$ 
McNown of Kansas the group brought 
some 50 leaders in engineering and sci 
ence to Boulder, Colorado, last summe: 
to attempt to “nail down” specific prob 
lems and explore ways of helping to a 
celerate needed improvements in engi 
neering education. The report of this 
conference has already generated wide 
spread and lively discussion within the 
engineering community, and requests for 
support of certain proposals advanced by 
the Boulder conference have already been 
submitted to the various foundations 

One of these proposals is for a national 
planning and stimulatory group, a Com 
mission on Engineering, to help univei 
sities, societies, and individuals develop 
a concerted attack on problems of engi 
neering education. This illustrates the 
second type of the three kinds of college 
projects which come before us 


Ascher H. Shapiro, “Motion Pictures tor 
the Engineering Sciences,” JOURNAL OF EN 
GINEERING EpucatTion, Vol. 52, No. 7 

March 1962), pp. 474-477. 
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Clearly, we are going to need a vari 
ety of physics courses and math courses 
A massive PSSC for the col- 
At the same 
time, there is need to keep different 
groups informed, to avoid duplication 


and SO On. 
lege would simply not work 


wasteful of talent, time, and money, to 
get results of course development work 
into the hands of all departments. This 
kind of job a group can do. 
Three are in being, and I think that all 
of them will be doing things of interest 


national 


Che Commission on Col 
lege Physics, chaired by Wal 
ter C. Michels of Bryn Mawr, is spark 


ing a fresh look at introductory physics 


to engineering. 


Protesso1 


courses. The Committee on the Under 
graduate Program in Mathematics is tak- 
ing a hard look at math for teachers, for 
physical scientists and engineers, for bio 
logical and social scientists, and for math 
ematicians; the group is currently pub 
lishing the results of their study of what 
engineers consider to be their students’ 
main needs so fan 
\ similar 


up tor the geological sciences, and it is 


as mathematics goes 
COMMISSION has also been set 
likely that similar bodies will be formed 
for chemistry and the biological sciences. 

The third type of project gets to the 
heart of the matter: the actual develop 
ment of courses and materials. I've al 
ready cited examples Ith the Lehigh ne 
chanical engineering project and others 
more which 


Let me only mention a few 


TEACHING IN AFRICA 
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you might want to look into: Washington 
University, Rensselaer, Cal Tech, and 
MIT have support from NSF and private 
foundations for far-reaching reconstruc- 
tion of their basic physics courses; Har- 
vard is building a new basic biology; 
Johns Hopkins has a new chemistry; Illi- 
nois is working on analytical chemistry; 
a national group has undertaken to de- 
velop materials in the area of semi-con- 
ductor electronics (sponsored by Educa- 
tional Services Incorporated). A consid- 
erable range and variety of proposals for 
other undertakings are now before the 
Foundation, and we expect to support a 
number of them. 

It is our hope that our course content 
improvement program will in fact as well 
make a 


n theory help the country 


as 
quantum jump in science and engineer- 
ing teaching in a reasonably small num- 
Whether it does will de- 


pend on scientists, engineers, and teach- 


ber of years. 


ers: their sharpness of insight in defining 
the problems, their willingness to devote 
to the job 
What is most gratifying is to see the way 


substantial time and energy 


some of our top mathematical, scientific, 
and engineering talent is rising to this 
And the results, | must add, 


are turning out to be of great interest all 


challenge. 


This may prove to be a 
ettort to 
aid in the development of the free world 


over the world 


major element in the America 


as a W hole 


The Agency for International Development has asked Teachers College, Colum- 
bia University, to select and train a second group of more than 100 young Americans 


tor secondary school teaching in Tanganyika, Uganda, and Kenya. 


Teachers are needed with an 


engineering or 


industrial arts background for 


teaching mechanical drawing, wood and metal working, engineering workshop theory 


and practice, and related subjects 
and biology 


For information, write Teachers fon 


Universitv, New York 27, New York 


Others are needed to teach physics, chemistry, 
lerms of service will be two years 


“ast Africa 


Teachers College, Columbia 
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While the nuts and bolts of a mechan- 
ical system can be analyzed and designed 
on the basis of the traditional engineer- 
ing subjects such as statics, dynamics, 
and stress analysis, the mind and soul of 
a sophisticated mechanical system can 
usually be understood only by reference 
to the concept of feedback control. The 
central importance of feedback control, 
both in military equipment and in the 
automation of industrial processes, has 
become so self-evident—even to casual 
readers of the daily newspapers—that 
there can no longer be any question as to 
whether feedback control belongs in the 
engineering curriculum. Indeed, in the 
context of present-day engineering devel 
opments, a curriculum could hardly be 
said to deserve the name “engineering” if 
it did not include instruction in feed 
back control. The only questions worth 
discussing in this connection are where 
and how feed-back control concepts can 
best be integrated into the engineering 
curriculum. 

In a modern engineering curriculum, 
there are many places where feedback 
control concepts can logically be pre 
sented. It may be desirable to discuss 
feedback control at a number of different 
points in the curriculum. In my opinion, 
one of the most logical points is in the 


Presented at the 69th Annual Meet 
ing of the American Society for 
Engineering Education, Lexington 
Kentucky, June 27, 1961. 
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course in dynamics of machinery he 
purpose of this paper is to show how 
feedback-control concepts can be inte 
grated into a traditional course in dy 
namics of machinery—or, to state the 
matter differently, how a course in dy 
namics of machinery can be expanded 
into a course in feedback control. As a 
feedback-control 
machinery 
bright future in the engineering curricu 


vehicle tor concepts, 


dynamics of surely has 
lum; as a separate subject by itself. it 
may well follow graphical statics and field 
surveying into a dusty oblivion 


There are at least two good reason 
why dynamics of machinery is a good 
vehicle for feedback-control 
First, the basic mathematics needed for 
feedback control is already presented in 


concepts 


the course in dynamics of machiner 
Second, the point of view of feedback 
control enables the student to survey sey 
eral possible solutions to a problem—hy 
draulic, pneumatic, electric, etc.—rathe: 
than being limited in his thinking to one 
particular type of hardware such as solid 
Both of these rea 


sons can be illustrated by means of 


mechanical elements. 


typical problem in dynamics of machin 
ery—the design of a_ vibration-isolation 
mount 

Che classical schematic of a vibration 
isolation mount 1s shown hh Figure | 
Using the notation of the schematic. the 
equation of motion is traditionally ex 
pressed as 


mx — F—cx 
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Since the force transmitted from the dis- 
turbed mass to the foundation is equal to 
(cx-+kx), our first conclusion is that the 
spring gradient k and the viscous-damp- 
ing coefficient c should both be made as 
low as possible. Further investigation 
reveals that the lower limit to the spring 
gradient k depends on the allowable 
static deflection of the mass as well as 
on space limitations. An investigation of 
the nature of the solution of Equation 
1) reveals the possibility of instability 
when the exciting force F contains com- 
ponents of frequency 2r\/k/m, and sets 
a lower limit to the viscous-damping co 
efficient c which must be used with a 
given exciting force spectrum in order to 
achieve a desired degree of stability. A 
complete investigation of the solution of 
Equation (1) yields the family of res 
onance curves that can be found in any 
respectable textbook on dynamics of ma 


chinery 


F 














* 
k Ede 








ane ae PE ee 


Fig. 1. Schematic of Vibration-Isolation 
Mount 


What does all this have to do with 
feedback control? A great deal, since the 
vibration-isolation mount is already a 
teedback-control system. Recognition ot 
this fact enables the student to apply not 
only his physical understanding of the 
mass-spring-dashpot system, but also the 
mathematics of Equation (1 including 
the resonance curves—directly to any 
feedback-control problem he mav meet 


whether it be clothed in the hardware of 
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solid mechanical elements or of hydrau- 
lic, pneumatic, electrical, thermal, chem- 
ical, nuclear, biological, or 
nomic or political systems. 


even eco- 


To interpret the vibration-isolation 
mount as a feedback-control system, we 
return to Equation (1) and from it con- 
struct the system block diagram shown 
in Figure 2. Starting with x, the highest 
derivative of x which appears in Equa- 
tion (1), we integrate successively to get 
x and x, and then feed back x and x, 
multiplied by their respective coefficients 
c and k, into an adder to obtain mx in 
accordance with Equation (1). Phys- 
ically, the disturbing force F causes an 
acceleration of the mass m, but to reduce 
the effect of the force on the motion of 
the mass, both position feedback (the 
spring force) and velocity feedback (the 
viscous damping force) are employed. 
From the physical nature of the vibra- 
tion-isolation mount it can be appreci- 
ated that the principal effect of the posi- 
tion feedback is to reduce the static de- 
flection or steady-state error due to a 
steady component of the disturbing force 
F, while the principal effect of the ve- 
locity feedback is to stabilize the system. 


These conclusions for the vibration- 
isolation mount can be applied to any 
other physical system having the same 
block diagram. Indeed, one such system 
can be used as an analog of another; in 
particular, the block diagram can be used 
directly in setting up a mechanical on 
analog computer whose pa- 
rameters can be varied at will to show 


electronic 


the effect of varving the parameters of 
the original system. 


Probably the most valuable result of 
interpreting the vibration-isolation mount 
as a feedback control system is that this 
interpretation suggests possible improve 
ments in the design of the mount. One 
basic limitation of a vibration-isolation 
mount is that the vibration isolation is 
obtained at the expense of static deflec- 
tion. If F contains only high frequencies, 
then static deflection may not be a prob 
lem, since the inertia of the system gives 
it only a small-amplitude response to 
forces. If I 


high-frequency contains 
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Fig. 2. Block Diagram of Vibration-Isolation Mount 


both high and low frequencies, then it 
is difficult to design a satisfactory mount: 
the soft spring needed for isolation of 
high-frequency forces can cause exces 
sive deflection due to low-frequency 
torces. 

The root of the problem is that the po 
sition feedback has the same gain, k, for 
all frequencies. If the gain of this feed 
back path could be made frequency-de 
pendent to give a higher gain (ie, a 
stiffer spring) for low frequencies than 
for high frequencies, then a more nearly 
ideal vibration-isolation system would re 
sult. It would be difficult to achieve a 
frequency-dependent gain with a me 
chanical spring, but this is entirely feas 
ible with a pneumatic spring having a 
slowly acting subsidiary feedback path. 
Such a pneumatic spring is the basic ele- 
ment in a pneumatic _ self-leveling 
mount.’ The possibility of such a device 
can be appreciated and investigated from 
the feedback block-diagram approach ex 
emplified by Figure 2. 

What are the minimum essentials in a 
basic undergraduate course in feedback 
controls? The topics listed below par 
allel, to a considerable degree, the topics 
already treated in courses in dynamics 
of machinery: first of all, an introduction 
to linear first-order systems (e.g., a 
mass-dashpot system without a spring, o1 


*W. A. Boothe, “Feasibility Study of Self- 
Leveling Pneumatic Vibration Mount,” 
General Electric Company Technical Infor- 
mation Series Report 60GL140, Schenec- 
tady, New York, 1960. 


a spring dashpot system without a mass 
a topic usually neglected in dvnamics 
courses, since the traditional dynamics 
of-machinery approach is to begin with 
second-order systems: next, ali introduc 
tion to linear second-order systems, of 
which the vibration-isolation mount. of 
Figures 1 and 2 is a tvpical case; then 
a general treatment of the stability of 
linear systems, using the root-locus, Ny 
* which 
are useful in dynamics of machinery as 
well as in feedback control; then, build 


quist, and Bode diagrams—all 


ing on these stability criteria, an intro 
duction to stabilization and « ompensation 
techniques; next, an elementary treat 
ment of nonlinear systems with solutions 
using the phase plane and. describing 
functions; and, finally, a brief mention 
of pulse-data systems and systems with 
random inputs, which have their respec 
tive counterparts in shock-loading and 
random-vibration problems in dynamics 
of machinery. At appropriate points in 
the course, differential equations and their 
classical solutions, Fourier transforms 
and Laplace transforms should be re 
viewed and applied. Analog and digital 
computers should be introduced both iS 
computational aids and as examples of 


feedback systems in their own right 
Where does feedback control belong 


in the engineering curriculum? Prob 
ably the best place is in the senior yea 
when the student can draw on his back 
ground of thermal, fluid, electrical, and 


chemical, as well as mechanical svstems 
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from his other engineering courses. In 
deed, a course in feedback control is one 
of the most effective means of bringing 
together the many separate engineering 
subjects to which the student has been 
exposed. A senior course in feedback 
control can also whet the appetites of the 
abler students to pursue in graduate 
study some of the many questions that 
will be left unanswered in the under 
graduate course. 


Another possible spot in the curricu 
lum for feedback control is as a .“re 
course for several 


fresher engineers 


vears out of school. Professor J. F. Coales 
has been conducting such a course fo 
several vears at Cambridge University in 
England. From his experience with this 
program, he feels that a year's study of 
feedback control at this stage of an en 
gineering career is an ideal means foi 
broadening the technical perspectives of 
a promising young enginee 

Where can we find the time and the 
staff to add a course in feedback control 
to an already overcrowded curriculum? 
These are serious problems, but Im my 
opinion, the centrality of feedback con 
trol in modern technology justifies a 
frontal attack on them. To a large ex 
tent, the time needed for a feedback 
control course can be obtained by inte 
grating feedback control with dynamics 
of machinery, as suggested earlier in this 
paper. Likewise, the staff 
teach feedback control can be largely re 


needed to 
cruited from those now teaching dy 
namics. The late Professor Rudolf Beyer, 
the acknowledged Weltmeister of rigid 
body mechanics, taught himself the basic 
principles of feedback control and organ 
ized a course in feedback for his students 
at the Polytechnic Institute in Munich. 
His young successor, Dr. Helmut Sieber, 
though trained primarily in rigid-body 
mechanics, has continued this effort and 
has already built up a modest but respec 

table pneumatic-control laboratory 


What is the role of laboratory instruc- 
tion in feedback control? It is essential, 
not only to give the student physical in 
sight into the nature of feedback con 
trol, but also to introduce him to instru- 
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mentation and measurement techniques 
for physical systems and to make him 
aware of the degree of correlation to be 
expected between mathematical predic- 
tions and physical results. The role of a 
feedback-control laboratory has been 
forcefully expressed by Dr. J. H. West- 
cott of Imperial College, London: “We 
are further convinced that no elementary 
course on control theory has any pene- 
tration value unless it is allied with lab- 
oratory work in which systems are seen 
to be unstable and are stabilized by tak- 
ing predictable measures. = Or. to ex- 
press the view of Academician I. I. Arto- 
bolevsky, director of the Laboratory for 
Dynamics of Machinery of the Soviet 
Academy of Sciences, one important goal 
of experimental work in dynamics is to 
establish a correlation between calcu- 
lated and experimental results for ideal- 
ized systems so that the methods of cal- 
culation can be applied to more complex 
systems with increased confidence—and 
with an awareness of their limitations. 
Both in dynamics and in feedback con- 
trol, an analog computer is an ideal sup- 
plement to both analytical and experi- 
mental work, and a worthy goal for a 
laboratory program could be to estab- 
lish a three-way correlation among an- 
alytical, analog, and experimental results 

In feedback control, as in any other 
course in the engineering curriculum, the 
job is only half done if it is limited to 
analysis of existing systems and methods. 
The more important half of the job is to 
introduce the student to the synthesis of 
new solutions to new problems. Feed- 
back control provides an excellent oppor- 
tunity to emphasize the concept of syn- 
thesis, especially since there is already a 
considerable body of literature on formal 
synthesis techniques for feedback sys- 
tems. existing tech- 
niques should by no means be presented 
in such a way as to stifle the student’s 


However, these 


capacity to invent new techniques and 
originate fresh approaches. To make the 
process of synthesis meaningful, it should 
be made possible for the student to fol- 


]. H. Westcott, “An Experiment in Con- 
trol Engineering Education,” 


No. 58-A-164. 
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low synthesis problems through the suc- 
cessive stages of conception, calculation, 
analog simulation, and experimental veri- 
fication. 

In discussing the future of engineering 
education it cannot be too strongly em- 
phasized that the greatest future need of 
American industry is for new ideas for 
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mature engineering development, but 
rather for the engineer who will contrib- 
ute to the flow of new ideas and new 


products that are needed to keep our 


economy vigorous and healthy. 


The engineer is an explorer of the 


physical universe. In educating engi- 


neers, as in training explorers, if we take 


new business opportunities. As America them over familiar terrain, it should be 
faces increased military and industrial only to toughen their muscles, to hone 
competition from the emerging industrial their wits, and to kindle their spirits for 
nations in other parts of the world, our their later encounters with the unex 
greatest need is not for the engineer who plored, the undiscovered, and the un 
will add the last iota of refinement to a known. 


ENGINEERING ECONOMY SUMMER SYMPOSIUM 


The Engineering Economy Division of ASEE is sponsoring its third Summer 
Symposium at the U. S. Air Force Academy, June 16 and 17, the two days preceding 
the ASEE Annual Meetings. 

The theme of this conference is “Applications of Economic Evaluation in In- 
dustry.” The Saturday session is devoted to “Capital Investment Planning—Policy 
and Practice.” Representatives from the public utility, oil, chemical, steel, and elec- 
tronics industries will discuss long range planning and will present case studies 
based upon the experience of their companies 

On Saturday evening, H. Igor Ansoff, vice president and general manage 
Lockheed Electronics Company, will present a summary and evaluation. The speakers 
of the day will be present for a question and answer session 

The Sunday program is concerned with “Making Decisions Among Business 
Alternatives.” Specific topics include “Sensitivity and Decision-Making Among 
Alternatives,” “Risk and Uncertainty in Decision-Making,” “Depreciation Policy and 
Investment Decisions,” and “The Significance of the Costs of Capital Measurement.” 
At the Sunday evening session Professor Lesser of Stevens Institute of Technology 
will present some of the highlights of his two-vear study on “Industry Trends in 
Planning and Evaluating Capital Expenditures.” 

The Program Committee has secured outstanding speakers, from both industry 
and educational institutions, to serve on the various panels. Consequently, educational 
and industrial representatives alike will find this conference most valuable 


The registration fee is $40.00 with a special rate of $10.00 for academic per 
sonnel. Requests for further program details should be sent to Professor Gerald J 
Matchett, Program Chairman, Illinois Institute of Technology, Chicago 16, Tlinois 
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Engineering, 


Ann Arbor, 


has been 


Ford 


program 


The 


porting a 


Foundation sup 
at the ot 


Michigan investigating the use of analog 


University 


and digital computers in engineering edu 
cation. Reports have already been made 
on the portions of the program dealing 
with faculty training and with the ques 
tion of how to introduce students to the 
computer.!’ The current paper shows how 
computers may be integrated into a typi 
cal undergraduate program in metallur 
gical engineering and presents a series of 
problems that have been used for this 
purpose 


Introduction to Computers 

The question of when and how to in 
troduce students to computers is still far 
settled. 


should occur early in the curriculum, oth 


from Some people believe it 
ers late: some think only at the graduate 
think it 


even be in the curriculum 


level while others should not 


Che authors 
believe that a course on the use of digital 


be 


early in the student’s program, preferably 


computers should introduced very 


D. L. Katz and E. I. Organick, “Use of 
Computers in Engineering Undergraduate 
Teaching, JOURNAL OF ENGINEERING Epuca- 
tion, Vol. 51, No. 3 (December 1960), pp 
183-205. Electronic Computers in Engineer- 
ing Education, First Annual Report, College 
of Engineering, University of Michigan, Ann 
Arbor, Michigan, August 26, 1960 


M. J. SINNOTT 


Professor 

Department of Chemical and Metallurgical 
Engineering, The University of 
Ann Arbor, Michigan 


Michigan, 


at the freshman-sophomore level while 
the students are learning other mathemat- 
If done at this level, sub- 
build upon this 
Attempting to teach com- 
puter programming, along with teaching 


ical tec hniques 


sequent courses can 


know ledge. 


the applications, in our experience has 
proved to be too burdensome a task and 
is quite wasteful of both the student’s and 
teacher's time. 


Che problem of the introduction to an 
alog computers is a little more complex 
This type of computer deals with equa- 
tions in differential form and the student 
is not ready for this type of computer 
until he has completed his mathematics 
through differential equations. We have 
found that the use of this type of com 
puter can be readily taught in junior and 
senior level courses as problems arise 
where the use of this type of computer 
is preferable to the use of the digital 
computer. There is no doubt that prion 
training in analog computers would also 
facilitate their introduction and increase 
their 
courses, but once having oriented the stu 


use in subsequent engineering 
dents toward digital computer solutions 
to problems, it is a relatively easy job to 
introduce them to analog computer ap 


plications. 


What prior training in digital computer 
programming do we require for the inte 


gration of computers into undergraduate 
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metallurgical engineering? Basically we 
ask that the student be grounded in the 
approach to solving problems with the 
computer, preferably by taking an ele- 
mentary digital computer course at the 
sophomore level. The student must be 
able to set up a flow diagram in which 
the problem is outlined in specific detail 
and must be able to list a set of sequen 
tial arithmetic operations and/or logical 
decisions which when applied yields the 
required solution. He must be capable 
of then translating the flow diagram into 
a set of algorithmic statements. Just how 
this algorithm will be translated for a par- 


ticular type of machine is relatively un- ° 


important, since in general once we have 
the flow diagram and the algorithm, the 
problem is solved except for the details 
of getting it into and out of a particular 
type of computer. Note that we are not 
interested in a “How to Use an XXX Type 
of Computer” training. The pushing of 
buttons, details of construction, input 
output features, storage, speed, executive 
systems, etc. are all interesting and sig- 
nificant considerations but not of prime 
importance in the training of undergrad 
uate engineers who are to use computers, 
not design or operate them. On the othe: 
hand they can hardy take a completely 
detached view of the computer but will 
have to have some knowledge of machine 
operations, machine instructions, input- 
output, storage, the use of subroutines, 
etc. This type of information can be 
gained by the student while at the same 
time learning various techniques of nu- 
merical analysis such as finding the roots 
of transcendental equations by Newton’s 
Method, or by the Method of False Posi- 
tioning; fitting equations by Lagrangian 
interpolation techniques or by least 
squares analysis; the solution of simul 
taneous linear equations, etc. By solving 
general problems of this type he learns 
the characteristics of a particular ma- 
chine and a machine language while at 
the same time getting some practice in 
the methods of numerical analysis which 
are so applicable to computer type solu- 
tions of many engineering problems. 
With this type of course as a base it is 
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relatively easy to then apply these tech 
niques to the solution of engineering 
problems. 

Since the introductory course serves 
the purpose of acquainting the student 
with the. general concepts involving the 
use of computers, the subsequent 
courses should immediately capitalize on 
this training by using computer tech 
niques for the solution of some of the 
problems that are treated in these courses, 
We do not believe that the computer 
should be used for the routine short prob 
lems and assignments, but in every 
course there are usually several complex 
problems that normally would not be 
assigned to the student because of labo 
rious calculations, widely varying condi 
tions and complex interactions between 
various physical and economic parame 
ters. These are the type of problems for 
which computers are particularly well 
adapted, and the students and faculty 
should be encouraged to integrate such 
work into the regular teaching schedule 


Metallurgical Engineering Curriculum 


An idealized typical metallurgical en 
gineering curriculum normally contains 
two stems of training. One is in extr- 
active or process metallurgy while the 
other is concerned with physical metal 
lurgy. The usual program consists of 
about four courses in each stem with each 
course building on the previous one 
These sequences start at the junior veai 
and are completed in the senior vear as 
shown in Table 1. 


During the past two vears we have 
been attempting to follow the system out 
lined in Table 1, i.e., introducing the use 
of digital and analog computers into 
these courses as part of the regular class 
room instruction. The  parenthesized 
numbers in Table 1 refer to problems 
listed in the Appendix which have been 
assigned in these courses. These are not 
the only problems nor the best ones but 
are fairly typical of the types used. A 
more extensive list of problems is given 
in Appendix II. In general an attempt 
is made to grade the problems in com 
plexity so that as the student’s experience 
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Cyprcat MeETALLURGICAI 


Year Extractive Metallurgy 
Junior 1) Stoichiometry 

2 Thermodynamics 
Senior 3) Rate Operations 


4 Unit Processes 


broadens, the problems become more in 
volved and more truly adapted to com- 
puter solutions. 


During the initial stages of the intro 
duction of this material into the curricu- 
lum there were some difficulties encoun 
tered due to the uneven background of 
the students. Some students had no prior 
computer experience, some had an intro 
ductory course, and others had advanced 
course training. A series of four 2-hom 
evening lectures presented twice each se 
mester helped considerably in alleviating 
this problem of insufficient preparation 
With the requirement now in effect that 
an introductory course in programming 
must be taken before electing these 
courses, this initial difficulty has now al- 
most disappeared, except for the case ot 
transfer students. 


The student response to the introduc 
tion of computer-oriented problems into 
the regular course work has been quite 
favorable. In general they are apt to be 
too enthusiastic and put in more time and 
effort on the solution of a particular prob 
lem than the problem merits; the instruc 
tor needs to monitor the work quite close 
ly to prevent this as well as to encourage 


the laggards. 


The ultimate success of using comput 
ers in classroom instruction depends to a 
great extent on the faculty; unless they 
themselves are aware of the capabilities 
of such a teaching aid, the student’s in 
terest and facility in the use of comput 
ers will lag. 


Equipment Requirements 


The facilities needed to carry out a 
program such as outlined above will vary 
with the particular institution attempting 
this work. From our standpoint the larg- 
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ul 
ul 


l 


ENGINEERING CURRICULUM 


Physical Metallurgy 





5) Structure of Solids 

(6) Physical Metallurgy | 
Physical Metallurgy I] 

8) X-Ray Analysis 


est and most versatile machine which can 
be afforded is the best choice. Practically 
all of the work described in this paper 
has been done at the University of Michi- 
gan Computing Center on an IBM 704 
and more recently on an IBM 709. Some 
work has been done on an LGP-30 Royal 
McBee Machine and on a Bendix G-15 
unit. The speed and storage of the large 
computer, coupled with an excellent ex- 
ecutive system and algorithm decoder 
MAD) has biased the student usage al- 
most entirely to the IBM machines. 


An evaluation of the specific require- 
ments for the problems used in the intro- 
ductory computer course and in the met- 
allurgical engineering courses is given in 
lable 2. The times listed per student 
on the IBM 704 represent the average 
total time on the machine to obtain a 
correct solution. Most of the problems 
actually require no more than one minute 
of machine time when correctly pro- 
grammed. For comparative purposes we 
have extrapolated the IBM 704 times to 
the equivalent times on the IBM 650 
machine and for the smaller computers. 
rhe table includes the estimated number 
of hours per day required to service the 
teaching requirements of a metallurgical 
engineering department with 30 students 
at each level. These estimated times are 
subject to modification depending to a 
great extent on the auxiliary equipment 
available within the computing unit. 


Summary 


It is ou opinion that course work in 
metallurgical engineering will be oriented 
more and more in the future towards the 
use of computers for classroom instruc- 
tion. Admittedly we may not have found 
the best or the most efficient way to ac- 
complish this, but from our experiences 
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Computer Usace on METALLURGICAL ENGINEERING PROBLEMS 


Example 
Year Problem 
Number 


Sophomore (Intro. Computer \ 
Course B 
( 
Wor 
4 
Senior 3 
4 
Q 


Fotal hours per day required tor a metallurgi 


engineering department, assuming 30 student 


at each level 


with the impact that computers have 
made in our regular courses to date, it 
would appear that there is no turning 
back. Rather we must continue the com 


puter orientation of our curriculum 


We would again emphasize that what 
we are striving for is not simply the ex 
posure of each student to a computer but 
rather to show him that here is a new ap- 
proach to the solution of engineering 
problems that is definitive, logical, and a 
necessary part of the education of every 


engineer. 


Appendix | 


Course: Stoichiometry 


Problem No. | 


Hydrogen gas in molten metal is detri- 
mental and may be removed by bubbling ar- 
gon through the liquid metal. By assuming 
equilibrium between the purge gas and the 
liquid metal, the reduction in hydrogen con- 
tent of the metal may be computed as a 
function of the volume of argon purging the 
melt 


Problem No. 2 Course: Thermodynamics 


A generalized specific heat equation is 
programmed along with provision for in- 
clusion of the energy of phase transforma- 


IBM 704 IBM 650 LGP—30 
B I ix Gy | 
3 ] 4 
? 12 $5 
4.5 | 120 
N ) } 
4.5 +0) 
4.5 1() 
f SO 
/ Si) 
S( 150) 
} QI) 141) 
2 1S0 i 
IBM 704 IBM 650 GP 
B dix G 
oO 1 SR 


tions to compute the enthalpy increments of 
elements between any temperature, T, and 
i reference temperature, 298° Kk 


Problem No. 3 


The flow-equation, 
heat transfer, is used to estimate the rate 
and total time requirement for pouring 
liquid metal from a bottom-pouring ladk 
Phe bottom-pour nozzle erodes during the 
operation, and the erosion may be defined 
by a linear function of the tons of metal 
passing through it. The 
important variable in steelmaking shop prac 
tice, is calculated as the sum of thi verage 
pouring rates times the time interval 


Course: Rate Operations 


assuming negligible 


pouring time an 


Problem No 4 


Course: Extractive 
Unit Processes 


The time-temperature curve is computed 
for molten metal in a transport ladle by 
equating the heat losses through the refrac 
tory walls, and the losses by radiation and 
convection from the ladle surfaces to the sur- 
roundings. A series of short time intervals 
are used to continuously evaluate the rates 
of heat loss, and hence the decrease in th 
liquid metal temperature 


Problem No. 5 


Che evaluation of various kinetic expres 
sions for the rates of transformation in the 
solid state given various linear and non-lin 
ear nucleation and growth rates 


Course: Structure of Solids 











May, 1962 


Course: Physical 


Metallurgy | 


The determination of the number and dis- 


Problem No. 6 
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Appendix II 
Additional Computer Problems 


tribution of particles in two dimensions is 1. Analysis of line-broadening in X-ray 
extended to a number and distribution in diffraction. 
three dimensions. In order to accomplish 2. Determination of residual stresses in 
this some ten linear equations involving up metals. 
to ten terms must be solved and the result- 3. Ito’s method for indexing of diffraction 
ing answers summed. This is a laborious and lines. 
time-consuming procedure that probably 1. Analysis of the topological features of 
would not be carried out unless the com me tallographic structures 
puter were available to do this operation 5. Evaluation of structure factor formulae 
6. Correlation of creep data 
Problem No. 7 Course: Physical 7. Stress-strain relationships in elastic me- 
Metallurgy I dia 
Many metallurgical applications involve 8. Statistical analysis of fatigue phenom- 
either placing chemical gradients into metal psi 
lic systems oO! the measurement of suc h a H irdenability lc ulation for steels 
gradients that have formed in metallic sys LO. Regression analyses of — stress-rupture 
tems. The basic diffusion equation relating data 
time, concentrations, distance ind the dif I Simulation of quenching Process 
fusion constant is programmed in the most 12. Calculation of best fit equation for con- 
general fashion so that given any set of version of activity data to free energy 
boundary conditions the equation can be relationships 
solved for the desired parameter 3. Calculation of scrap requirement for 
maintaining process temperature of oxy- 
Problem No. 8 Course: X-ray Analysis gen converter. 
‘ai : oy 14. Simulation of steelmaking processes on 
Precision lattice parame : I are obtained basis of mass and energy balances cou- 
by taking Debye-Scherrer diffraction photo pled with a simple kinetic model 
graphs of the crystalline material. Thes« 5 Calcul 
photographs are the nm oan ilyz d using the lo wens peapediin 7 prc Aaeentae ee 
Bragg equation to determine the parameters around a copper converter tuyere 

ot 5 1 t . 

[he precision of the measurement improves 16. Trial and error solution for equilibrium 
at the high angles of diffraction. A program gas compositions in a metal processing 
is written to determine the lattice parameter s vessel 

ie for each diffraction line, then a least squares 17. Optimum design of a sheet annealing 
analysis is made to determine the best fit of furnace. 

rhe a line joining the lattice parameters and re 18. Calculation of optimum cycle and tem- 

ite lating them to the diffraction angle; the line perature distribution in blast furnace 

ng is then extrapolated to an angle of 180°, th stoves, open hearth checkers, or other 
le point of highest precision, and the intercept regenerative heat transfer units 

he is the precision lattice parameter The stand 19. Mass balance for equilibrium stage ex- 

ed ard deviation of the line is also cal ulated traction unit 

tal and the precision parameter is given with 20. Calculation of solidification times for 

an its standard deviation various casting geometries 

i 

re¢ 

ive 

ed 

by 

“ ASEE-ASTME SUMMER SCHOOL 

rit 

ur- “Numerical Controls in Manufacturing Processes” will be the theme of an ASEE- 

alls ASTME Summer School Saturday, June 16, at the Air Force Academy, Colorado 

a Held in conjunction with the ASEE Annual Meeting June 18-22, the summer school is 
intended to make a significant contribution to the understanding of technical develop- 
ments of numerical control, and to provide a means for sharing information for a 

ids better understanding of the place of these developments in engineering education. 

ve Existing programs and plans for future developments will be discussed 

“en The registration fee will be $1.50. For further information, write Mr. Gilbert E 
Seeley. Director of Education. ASTME, 10700 Puritan Avenue, Detroit 38, Michigan. 











A Modern Freshman Chemistry Course 


EVERETT R. JOHNSON 


Chemistry Department 
Stevens Institute of Technology 


Many students today who take a first- 
year college chemistry course do not find 
it particularly interesting or challenging. 
This is due in large part to the enormous 
amount of descriptive material which 
must simply be memorized and to the su- 
perficial manner in which those elements 
of elementary physical chemistry nor- 
mally found in freshman chemistry are 
introduced. 


In an attempt to make introductory 
chemistry a more challenging and inter- 
esting subject, we have reduced the 
amount of descriptive material and con- 
centrated very heavily on correlating 
chemical behavior with atomic and ther- 
modynamic properties. This new course 
was first offered at Stevens Institute of 
Technology in the 1960-61 
year. 


academic 


Our objective has been to develop the 
necessary theoretical material that, when 
applied to the “descriptive 
chemistry,” will show some logical basis 


so-called 


for the many reactions and properties of 
the elements. To this end the student is 
provided with the background, sources, 
usefulness and limitations of the general 
concepts of atomic structure which un- 
derlie the interpretation of atomic prop 
erties and periodic classification of the 
elements. This background includes a 
rather detailed knowledge of the Bohr 
atom, origin of spectral series, and mod- 
ern quantum theory—de Broglie waves, 
uncertainty principle, Pauli exclusion 
principle, etc. Upon this foundation, the 
basic theories of chemical binding in rela- 
tively simple molecules are developed 
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(both valence bond and molecular orbital 
theories , preparing the wav for later dis 
cussions of specific compounds and _re- 
actions 

Atomic and molec ulan concepts are e@X- 
tended by the introduction of thermody- 
namics. The basic functions of internal 
energy, enthalpy and entropy are devel- 
oped, paving the way for an understand 
ing of the free energy function. This 
function is used to develop the concept of 
equilibrium (both chemical and physical 
and electromotive force (oxidation poten 
tials 

With this background in atomic and 


molecular theory and thermodynamics 


the chemistry of the elements is discussed 
in relation to their positions in the pe: 


| 


odic classification. Compounds and_ ré 


actions which are most significant are dis 
cussed to illustrate characteristic rel. 


tionships. 


Those aspects of elementary physical 


chemistry normally introduced in gen 


eral chemistryv—solutions, gases and va 
por equilibrium—are developed from a 


quasi-statistical (Boltzman) approach 
This approach provides an understanding 
on a microscopic scale of these processes 
and permits the derivation of the equa 
tions governing equilibria in these sys 
tems, i.c. Raoult’s law, Henry’s law, Clau 
sius Clapeyron, freezing point depressior 
boiling point elevation, et« The kinetic 
theory of gases is used to develop the 


ideal gas equation. ) 


The pedagogical attitude throughout 
the course is constant reference to ther 
modynamic, molecular and physical data 
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in an attempt to provide a rational basis 
for the reactions of the elements. The 
use of oxidation potentials, ionization 
energies, electronic configuration, bond 
energies, crystal habits, etc. frequently 
permit accurate predictions of chemical 
properties. To be sure, this is not always 
possible, but the emphasis is to attempt 
to provide a logical basis for particular 
chemical properties rather than mem- 
orization of isolated chemical reactions. 
The student is constantly reminded that 
rational explanations for chemical prop 
erties and reactions must exist and 
should be sought.! 


The associated laboratory is an integral 
part of the course, and in addition is de 
signed to be provocative and to develop 
laboratory techniques. Every attempt is 
made to have the experiments illustrate 
and emphasize the topic under discussion 
in recitation. For example, when thermo 
dynamics is under discussion in lecture, 
the concurrent laboratory exercise — is 
bomb calorimetry; when molecular struc 
ture is being discussed, the student, using 
a molecular model kit, constructs typical 
molecules. Other experiments include 
the determination of Avogadro’s number, 
the ideal gas laws, use of the vacuum 
system for the determination of vapor 
pressures, determination of the equilib 
rium constant for NO, dissociation; or 
ganic preparations; acidimetry and alka 
limetry; Faraday’s law and the electro 
motive force series of the elements: quali 


The elementary disciplines of chemistry 
such as stoichiometry, balancing oxidation 
reduction equations, etc. are by no means 
neglected Special recitation and laboratory 
sessions are devoted to thes disciplines 


tative and quantitative analyses; and 
radioactivity (cloud chamber). 

It is apparent that the course outlined 
briefly above is a strong departure from 
the usual chemistry course given at the 
freshman level, and student reaction is of 
interest. The students generally agreed 
that the course was considerably different 
from their high school chemistry—includ- 
ing the advanced high school chemistry 
courses. It was not surprising to dis- 
cover that atomic structure (including 
modern quantum theory) and thermody- 
namics were the most popular topics. 
The course was considered difficult, but 
the mortality was not appreciably higher 
than in previous years. 

The final examination, although it did 
not reflect the amount of material given 
in the second semester, was especially de- 
signed to be an average general chem- 
istry examination. It was most gratify- 
ing to discover that 91.3 per cent of the 
students received a grade of 62 or more, 
and more than forty per cent received a 
grade of 81 or more. 

Great difficulty was experienced in 
finding a suitable text. With only two 
exceptions all the introductory chemistry 
texts examined were found to be more or 
less identical and not very far removed 
from the high school level. A text which 
met the needs of the course was finally 
obtained. Unfortunately, this text was in 
a preliminary form and required a con- 
siderable amount of correction and reor- 
ganization. However, despite these draw- 
backs, it was found to be a very useful 
aid. The text used was University Chem- 
istry, by D. Andrews and R. Kokes, pub- 
lished by John Wilev and Sons. 





NSF SUPPORT GRANTED FOR ASEE SUMMER SCHOOL 
FOR CHEMICAL ENGINEERING TEACHERS 


A grant of $22040.00 has been made by NSF for support of the summer school 
for chemical engineering teachers to be held at the University of Colorado in 
Boulder from August 20 to 25, 1962. The grant will be used to provide travel and 
living expenses for one member from every school offering chemical engineering 
in the U. S. plus printing and distributions of the meeting. For additional information 
see pp. xxiv-xxvi of the February 1 issue of the JouRNAL oF ENGINEERING EDUCATION 


The Engineering Science Program 
In the U.S. Air Force Academy Curriculum 


The role of service academies in the 
military education system has been care- 
fully re-evaluated since the end of World 
War II. Our Congressional leaders re- 
viewed the subject most thoroughly in 
their deliberations on HR 5337, a De- 
fense Department-sponsored measure to 
establish an Air Force Academy. In tes- 
timony before a House Committee, Dr. 
John A. Hannah, on leave from Michigan 
State University and serving as Assist- 
ant Secretary of Defense, said, “I am 
now strongly convinced of the wisdom of 
establishing an Air Force Academy, be- 
lieving it to be necessary from the stand 
point of national defense, and wholly de- 
sirable from an educational point of 
view.” In the opinion of Dr. Hannah, the 
service academies performed “. . . unique 
functions which no civilian institution of 
like rank could hope or be expected to 
do.” 

These unique functions are concisely 
defined in the objectives through which 
the Air Force Academy accomplishes its 
mission by providing each cadet with: 

a. A basic baccalaureate-level educa 
tion in airmanship, related sciences, the 
humanities, and other broadening princi 
ples. 

b. A knowledge of and an apprecia 
tion for airpower, its capabilities and 
limitations, and the role it plays in the 
defense of the nation. 

c. High ideals of individual integrity, 
patriotism, loyalty, and honor. 

d. A sense of responsibility and dedi 
cation to selfless and honorable service. 

The Act which finally resulted in the 
establishment of the Air Force Academy 
in 1954 represented a vote of confidence 
from the nation and its leaders in the 
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military academies’ ability to educate and 
train their officers and future leaders. 
The intellectual objectives for success 
ful air leadership were summarized by 
Lt. Gen. Hubert H. Harmon, the first 
Superintendent of the Academy, in 1955: 


Since modern air warfare touches all facets 
of national life, it is vital that air leaders 
possess also a sound know ledge ot the 
political, economic, and social factors 
which operate in our culture Thus, 
while the air officer must possess as a 
minimum a considerable technical skill 
in air matters, he must also be broadly 
educated in the social sciences and hu 
manities The Air Force Academy has 
the objective then of providing the cadet 
with a basic education in that it puts at 
the cadet’s disposal recognizable impor 
tant technological, scientific, 
humanistic principles and data which he 
understands and can manipulate 


social, ind 


The extensive studies which begat a] 
1950 resulted in the formation of the 
current prescribed Academy CuUIT ie ulum 
and reflects the objectives stated by Ger 


Harmon 


SEMESTER 

HOURS 
Basic Sciences 33) 
Applied Sciences 5! 
Humanities 38 
Social Sciences 3 | 
Composition Program } 
Military Studies }! 

14612 


An additional 4242 hours are devoted to 
military training, athletics, and an op 
tional course during the first class (sen 
1Or) year 

The prescribed program places equal 
emphasis on basic and applied science 
and humanities and social science. This 
balance emphasizes our determination to 
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provide the “basic” education described 


by Gen. Harmon. 

In the first year of the Academy’s op- 
eration it became apparent that the pre- 
scribed program did not provide a com- 
plete challenge to all cadets. Many of 
them entered with prior college credits; 
many could proceed at a faster pace; in 
short, a significant number could take 
more courses of greater depth than the 
prescribed curriculum offered. The en- 
richment program was begun in 1956 
“to challenge the cadet to advance aca 
demically as far and as fast as he can.” 


Cadets who wish to participate in the 
enrichment program are identified soon 
after arrival through interviews with the 
faculty member (academic counselors ) 
to whom they are assigned. Qualified 
cadets are given transfer credit, allowed 
to take validation examinations in courses 
where they appear eligible, scheduled in 
accelerated courses in areas where they 
have demonstrated sufficient aptitude, 
and allowed to take overload courses 
The interviews continue throughout the 
cadet’s tenure; each semester's schedule 
is arranged with the benefit of the fac 
ulty member's counsel. 

About 30 per cent of the class of °62 
who have participated in the enrichment 
program, will graduate with a major in 
Basic Science, Engineering Science, In 
ternational Affairs, or Military Affairs 
The qualifications for a major in Engi 
neering Science are typical a cadet must 
complete 9 substitute courses in lieu of 
prescribed courses and also complete 7 
additional courses comprising 19 semes 
ter hours. The cadet completes these 
courses by overloading, or scheduling 
them in place of courses for which he 
has received credit. Of course, all par 
ticipants in the enrichment program do 
not complete requirements for a major: 
approximately 60 per cent of the cadet 
wing are normally enrolled in one o 
more enrichment courses; about half this 
number complete a major. 

The Engineering Science curriculum 
has been developed with the advice and 
counsel of outstanding military and civil 
ian educators. The most recent curric 
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ulum revision followed closely the recom- 
mendations of a committee of civilian ed- 
ucators which convened in August, 1961. 
The revisions were incorporated into the 
curriculum in effect for the class of ’65 
and following classes. 

We have requested accreditation of 
our Engineering Science curriculum from 
the Engineers’ Council for Professional 
Development. The visit from the ac- 
creditation committee is scheduled for 
March of this year. 

Ten graduates with Engineering Sci- 
ence majors from the classes of °59-61 
have been assigned directly to graduate 
school upon graduation from the Acad- 
emy. Their performance has been most 
gratifving and we take great pride in the 
credit it reflects on the Academy pro- 
gram. 

A significant number (17 in the class 
of °65) enter the Academy with two o1 
more years of college credit (approxi- 
mately 25 per cent have some college 
credit). Several of this number are able 
to complete the prescribed program and 
their major in three years or less. They 
also have the ability and interest which 
will allow them to go on to graduate level 
courses. For this group we offer mas- 
ters programs in Astronautics and In- 
ternational Affairs. 

We have not, as yet, gained the ap- 
proval of the Department of Defense and 
Congress which will allow us to award 
master’s degrees. In the interim, cadets’ 
transcripts will indicate that they have 
completed courses equivalent to the re- 
quirements for the appropriate degree. 

An additional 30 hours, in excess of 
the requirements for the Engineering 
Science major, are required in the astro 
nautics program. Twenty-one hours are 
from these typical course offerings: 


Vathematics: 


Two advanced courses are required. 
he first considers complex variables and 
an introduction to the calculus of varia- 
tions. The second presents orthagonal 
expansions emphasizing Fourier Series 


and an introduction to analytic probabil- 
itv and partial differential equations. 
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Aeronautics: 

Aircraft performance, stability and 
control; experimental techniques in en- 
gineering science wherein the cadet 
plans, conducts, and reports on experi- 
mental problems with minimum faculty 
supervision; dynamics of flight including 
advanced topics in stability and control 
for aircraft and orbital and re-entry ve- 
hicles. 


Astronautics: 

Linear Control-System Analysis which 
involves physical problems based on 
servomechanisms, missile control, and 
stable platforms; advanced problems in 
astronautics. 


Electrical Engineering: 

Analog computer techniques applied 
to the solution of engineering problems: 
analysis of communications, detection, 
and electromagnetic radiation theory by 
vector analysis and Maxwell's equations; 
synthesis and analysis of complex servo- 
mechanism systems with multiple loops. 
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Mechanics: 

Fundamentals of aerospace structures; 
advanced studies of dynamics, vibrations, 
aeroelastic phenomena, and other struc- 
tural phenomena of aerospace structures. 

Additional courses include chemical 
reactions and rates, neutron physics, 
space propulsion systems, nonlinear sys 
tems analysis and celestial mechanics 

The remaining nine hours may be a 
thesis or a six-hour seminar course with 
an additional three-hour elective. 

This program allows the cadet a con 
siderable degree of latitude and allows a 
greater degree of specialization than is 
possible in the undergraduate program 

In summary, we believe that our en 
gineering science program proy ides the 
content necessary to qualify an Air Force 
officer for technical and scientific assign- 
ments in an increasingly complex age of 
weaponry. Through constant attention to 
changing technology and continual ap 
praisal of our curriculum we will devise 
the best possible program to meet the 
mission of the Air Force and contribute 
to the defense of the country. 


ENGINEERING IN MEDICINE AND BIOLOGY 


The 15th Annual Conference on Engineering in Medicine and Biology will be 
held at the Conrad Hilton Hotel, Chicago, on November 4-7, 1962. A June | deadline 
has been set for 50-word abstracts from those wishing to submit papers; mailing 
address is Program Committee, P. O. Box 1475, Evanston, Illinois. 


The Conference is sponsored and supported by the Institute of Radio Engineers, 
American Institute of Electrical Engineers, and Instrument Society of America. 


The technical program will consist of 18 sessions, including: artificial organs, 
biological control systems, bionics, cardio-pulmonary physiology, computer technology, 
electrical physiology, neuro-physiology, instrumentation, and others 


























Achievement in Small Class, Large Class and 
TV Instruction in College Mathematics 


OTIS E. LANCASTER and ALBERT ERSKINE 


In Cooperation with 


Members of the Mathematics Department and the 


Academic Research and Services Division 
Pennsylvania State University 


There has been a simcere sear h to 
find improved means of instructing col 
lege students. Years ago some experi 
ments of Hudelson and others indicated 
that class size was not a determining 
variable in the instruction of many sub 
jects. More recently Carpenter and many 
others have explored the possibility ot 
instruction by TV. As a consequence of 
these studies and the pressure to ac 
commodate more students, some depart 
ments and _ institutions have adopted 
either large class or TV instruction 

Many have thought that the relative 
merits of the modes of instruction of 
the scientific and technical subjects 
should be evaluated in a most rigorous 
manner. This paper gives the results of 
a carefully conducted study in the 
teaching of analvtic geometry and cal 
culus, which was performed with the 
cooperation of the Mathematics Depart 


TAB! 
UnapyusteD FINAL EXAMINA 
Ist Year 
l'ype of 
Instructior N Average 
~~ r 
r\ 102 5.86 
L¢ 58 82.58 
S( 459 () 35] 


ment, the Division of Academic Re- 
search and Services and the College of 
Engineering of the Pennsylvania State 
Universitv. 


Summary of Experiment 


Upon two consecutive years all fresh- 
man engineering students were divided 
by means of random numbers into three 
groups. Each vear one group was taught 
in television classes (T\ another in a 
and the third in the 
The students 


large class (LC 
usual small classes (SC). 
were given the same final examination. 
After the official grades were turned in 
to the registrar, the examination papers 
were collected and graded uniformly, 
question by question, by a special team 
of graders. The achievement of the three 
groups was compared on these re-graded 
Tables 1 and 2 


the final examinations, the students in the 


examinations Besides 


l 


ION GRADES IN ANALYTIC GEOMETRY 


2nd Year I'wo Years 
Average N Average 
Score score 
108 70.06 210 72.87 
70.86 125 6.35 
5 67.36 834 69.09 
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TABLE 2 
ApyusteD Finat ExaMINATION GRADES—ANALYTIC GEOMETRY 
First Year Second Year 
Type of Average ; Average . 
“Arete N Counsel ss Adjusted N Counsel Math. 41 Adjusted 
ee Scores Scores ere scores Scores 
TV 102 20.93 75.86 74.45 108 22.35 0.06 69.0 
LC 58 20.29 82.58 81.97 67 20.09 0.87 73.14 
sc 459 19.49 70.51 70.90 375 5 Oe fo 67.36 67.24 
Total 619 19.80 42.53 72.53 550 21.66 68.32 68.32 
Small Classes 23 18.65 68.39 69.84 23 21.91 75.91 5555 
by Section 24 2b 25 69.33 67.53 15 pe 2 70.03 68.19 
17 15.18 66.47 72.26 18 17.6 56.06 61.84 
19 19.53 78.16 78.51 24 19.25 61.88 65.37 
23 20.00 76.61 76.37 18 22.83 82.7 81.09 
24 22.08 82.42 79.58 20 25.10 71.75 66.77 
21 20.81 67.86 66.61 20 20.70 74.70 76.09 
22 13? 79.00 80.99 16 22.38 61.03 59.99 
19 16.68 70.79 74.70 20 23.90 68.35 65.11 
21 19.00 78.86 79.87 21 21.05 $9.12 60.00 
19 19.16 69.47 70.28 21 20.48 56.48 $8.19 
21 14.57 PAR 59.26 21 22.62 64.80 63.41 
19 19.89 74.05 73.95 19 22.68 62.74 61.26 
20 19.95 72.60 72.42 21 21.05 66.83 67 
20 20.50 81.50 80.64 22 20.59 68.59 70.1 
19 20.68 75.78 74.68 18 Ok 67.50 68.21 
21 22.14 71.76 68.85 22 22.05 74.80 74.24 
18 22.50 60.94 57.58 19 5 67.74 65.26 
20 19.30 66.65 67.29 17 22.47 68.62 67.45 
23 2143 72.26 70.61 
23 19.52 58.35 58.71 
23 17.17 56.61 59.91 
large class, in three of the small classes, A careful check was made on _ the 


and in the TV classes were given the 
same hour examinations. A comparison 
of the achievement was made on each 
test and on the composite of all four tests 


and the final examinations, weighted 
by the hours involved for each (Table 
3). To partially eliminate variation of 


teacher effectiveness, the instructors for 
the large class and for the TV were in- 
interchanged, i.e., instructor A taught by 
TV the first 


the second year while instructor B did 


year and in a large class 


the reverse. 


An attempt was made to determine 
the hours of study by each of the 
groups, since achievement is usually 


related to effort (Table 4) 


drop-outs in the various groups, both 
during the first course in analytic geom 
and the calculus course which fol- 
(Table 5). The first vear, all stu 


received in 


etry 
lowed 


calculus instruction 


The 


received 


dents 
some 


TV, 


some in a large class, and some in small 


small sections. second year 


students instruction by 


classes. In all, there were seven combi 
nations: TV-TV, TV-SC, SC-TV, LC-L(¢ 
LC-S( SC-L( SC-S(¢ fable 6 and 


Analyses were also run to see if there 
the achievement of 
their 


were differences in 
the of 
first physics course and in their over-all 
Tables 8 and 9 


three groups students in 


grade point average 
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Ty pe of 
Instruction 


JOURNAL OF 


AVERAGE 


Hours 


Ist Year 


Study 


Average 


Hours 


ENGINEERING 


TABLE 4 


StruDIED IN ANALYTIC GEO 


2nd Year 


Average 
N 


Study Hours 


METRY 


EDUCATION 
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[wo Year 


Average 
Study Hour 














r\ 110 113.29 117 106.69 225 109.9] 
L¢ 68 94.71 72 112.68 139 103.89 
= 492 104.30 424 108.07 916 106.04 
Tasie 5 
StuDENT Retention BY Mope or INstRuUCTION IN ANALYTIC GEOMETRY 
First Year 
Method ot N N Took , N “ Lost | N Took Le 
In a , i. ; Entering Math.41 | Dropped Entering Before Math. 42 During 
er Math. 41 Final Math. 41 Math. 42. Calcul Final First Year 
ry 114 102 10. 7R i]. 69 9.4 
LC 68 59 2 49 28.0 4 32 
SC 510 460 9.8 379 ? 343 
Second Year 
r\ 119 108 9.2 88 26.1 8 28 
LC 74 67 9.5 5 24.3 54 27.0 
SC 43 75 14.0 197 31.9 289 33 
Both Yea 
r\ 233 210 9 May 28.8 55 IS 
L¢ 142 12¢ ead 105 26.1 OO ZF it 
cc 946, 835 1] A7¢ IQ ¢ 3) 
TABLE 6 
Cate Fina. EXAMINATION OF First Year 
GROUPED BY THE MerTuHOoD oF INSTRUCTION IN ANALYTIC GEOME Y 
ge Scor vad} d 
Method of N N = Unadjusted | Adjusted Se 
“tION ntering omple | on hacen : . th ) 
Instruction Entering Completed Mark Math. 42 Math. 4 
ry 78 40) aa 48.9 42 
me 49 44 22.27 56.41 18 
— 379 334 20.47 §2.93 §3.00 
Sir 438 20.92 5? 74 §) 4 
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CaLcuLus 


GROUPED BY 


ACHIEVEMENT IN 


TV INSTRUCTION 
TABLI 
FINAL EXAMINATIONS OF 


rHeE MerHopD oF 


Method of N N 
Instruction Entering Completed 
TV TN 19 = 
cc Tt 57 56 
LC—LC 28 27 
is 37 36 
ry—S 4 44 
LC—S¢ 25 23 
Gt" SE 05 181 
PaBie 8 


Composite oF Tests 


AND FINAL 


INSTRUCTION IN ANALYTIC 


IN MATHEMATICS 


SeconD YEAR 


Unadjusted 
Calculus Score 


EXAMINATION (;RADES IN Puysics OF STUD 
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GEOMETRY 


Analytic 


Geometry ( srade 


NTs TAUGH1 











MaTHEMATICS BY THE THREE MetrHops 
I t Ye ir 
ype \ Average Unadjusted Adjusted 
Instructior Counsel Test Physics Grades Physics Grades 
ry Ss 22.47 67.25 66.67 
LC 4() 22.45 72.85 72.28 
SC 324 20.64 65.86 66.06 
Potal $3 21.10 66.73 66.73 
Second Yea 
r\ s 23.59 65.67 65.47 
Ex 45 21. 5¢ 62.94 64.01 
S¢ 35 ys Me 64.92 64.77 
Total 348 33.2) 64.81 64.81 
Both Yea 
r\ RG 23.03 66.46 65.9 
L¢ R5 21.98 67.60 67.65 
S¢ 559 21.85 65.46 65.68 
Total RO 22.0 65.87 65.87 
The comparison of the achievement Results 


during the first semester 


Was made by 





a covariance analysis with the scores on 


a counseling 
correlating 


semester 


mathematics 
variable. When 


test as the 


the second 


grades in calculus were com 


pared, the numerical grades in analytic 


geometry were also used as the correlat 
ing variable (Tables 10-17 


Che achievement in analytic geometry 
the 
higher on the final exam- 


of students in large classes was 


significantly 


ination than those in the other two 
groups (Tables 10 and 11). The 
achievement in the TV _ classes was 


higher on the final examination than the 
combined average of all the small groups 
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TABLE 9 
First SEMESTER OVERALL GraDE Point AVERAGES OF STUDENTS TAUGHT MATHEMATICS BY 
TuHree Meruops 
First Year 
Ty pe of Instruction N Predicted GPA Ac hieved GPA Adju ted GPA 
TV 108 2.18 2.09 2.02 
F & 62 gdp 4 ae Zeke 
Si 502 2.10 2.02 2.04 
Total 672 2.12 2.05 2.05 
Second Year 
TV 115 2.30 2.08 2.03 
ce 73 2.18 2.07 2.17 
SC 472 2.26 2h) 10 
Total 660 2.26 2.10 2.10 
Be th Y ears 
TV 223 2.24 2.09 2.02 
LX; 135 zeae 2.14 2.16 
SC 974 2.18 2.06 07 
Total 1,332 2.19 2.08 2.08 
(Table 12). The superior achievement tion, the same relative ordering of the 


of the large classes and the TV classes 
over the combination of all of the small 
classes may be a result of teacher ef- 
fectiveness. The two teachers, A and B, 
may be normally more effective than the 
average of the department, or they may 
have expended more effort on lesson 
planning because of the stress of the 
large number of students. This cannot. 
however, explain the difference between 
the results of the large class and the TV 
instruction, for the adjusted achievement 
for both teachers higher for the 
large class. The combined results of the 
two years was significantly higher for the 
large class. Thus, the large class instruc- 
tion was more desirable. 

The number of drop-outs during the 


Was 


groups remained and they were still sig 
nificantly different. The students in the 
large class had the highest achievements 

The r\ 
studied the most, the ones in the large 
classes the least. Specifically, the TV stu 
dents devoted 6 per cent more hours to 


students with instruction 


home study than the students in the 
large classes, and 3 per cent more than 
the students in the small classes (Table 


from an efficiency 


$). Thus, 


view, the large class instruction was fat 


point ot 


better, since the higher achievement was 
Here there 
is a difference between instructors. Pro 
fessor A’s than 
those of Professor B. The hours of study 


obtained with less homework 


students studied more 


were, however, more tor each instructor! 


first semester was less in the TV instruc- when he was teaching on TV. This dif 
tion than in the other two. Since an ference in study time showed in the reé 
analysis of the examination scores, based sults on the hour tests the first yea 
on those who remained, might bias the When the students in the large class 
results, a correction was made for the studied less than those on TV, thei: 
number of drop-outs. After this correc- test scores were not better (Table 3 
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TABLI 

FT FOR DIFFERENCES ON FINAL EXAMINATION 
ANALYTIC 

First Y« 


Degrees of Sums of Sx 


Free d ym 


Source of 
Variance 


and Pre ducts 


TION IN MATHEMATICS 


10 
OF 


CV, Larct Ci 


CLASS AND SMALI 


GEOMETRY 


ar 


Deviations about 
Regression 


juares 





Between Methods 2 203 1,155 10,227 
Within Classes 616 25,622 31,993 226,426 186,478 615 303.22 
Total 618 25,825 33,148 236.653 194,106 617 
7,628 2 | 3,814.00 
3,814.00 
I 12.59 
303,22 
For vy; = 2 Vv f F value at 5% level is 3.01 
F value at 1% level is 4.64 
Second Year 
Source of Degrees Sums of Squares Deviations about 
Variance Freedom and Product Regression 
Between Methods 2 219 340 4,433 
Within Classes 54 22, 730 65,584 821,375 632,143 546 Ei fo 7 
lotal $49 22,949 65,244 825,808 640,320 548 
8,177 ) 4,088.50 
4,088.50 
§3 
1.157 
For 2 } $46 F value at 5°; level is 3.01 


If the development of interest can be 
assumed to be associated with the con 
tinuation and success in the next mathe 
then the first 


years 


matics course, re 
sults are most illuminating (Table 5 
Of those starting in Math. 41 the first 


vear, 67.8 per cent of the large-class stu 
dents took the Math. 42 final and 67.4 
per cent of the small-class students took 


it, while only 60.6 per cent of the T\ 
students did. Of the 32.2 per cent, 32.6 
per cent and 39.4 per cent of the stu 


dents lost during the vear from the large 
class, small classes and TV, respectively, 
6.1 per cent, 9.5 per cent and 11.5 pei 
dropped the 
mester. 


cent during second se 


In the instruction of calculus the sec 
ond year there appeared to be a differ 
ence in the results of achievement. The 


; ; 
F value at 1° |e 


velis 4.64 


students taught by TV did better than 
the others. Moreover, the results did not 
seem to depend upon whether the stu- 
taught TV 


The large-class students were sec- 


dent was previously by or 
not. 
ond in achievement, with the composite 
of last The 
results were not statistically significant. 
The number of 
was small. This part of the experiment 
to tor 


the results may be due to a difference in 


small-class students again. 


students in most cases 


is not considered be conclusive, 
teacher effectiveness in the large class 
and the TV. (The results cover only one 
Also, there 
administering the test, with one fifth of 
the score affected by these differences. 
It appears that the preceding method 
of a discriminating 
variable. 


vear. were differences in 


instruction was not 








590 


F Test ror DIFFERENCES ON FIN 


Source of 


JOURNAL OF ENGINEERING EDUCATION 


Degre« es of 
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First Year 


Sums Of Squares 
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IN ANALYTIC GEOMI 


Deviations abi 











Variance Freedom and Products Regression 
Between Methods f 120 1,990 
Within Classes 158 6,393 7,643 51,982 42,739 5 22 
Total 159 6,399 4,323 $3,882 $5,038 158 
» 99 ) 
2,299.00 
I R 4 
79 sie} 
For 7 val e€ at Oo Ve Pow 
F value a¢ 1" level al 
Ye ( ynd ¥ ir 
Source of Degrees sum f Square De Viation 1 
Variance Freedom and Products Regt t 
Between Method l 211 151 105 
Within Classes 173 6,797 20,499 22,499 159,473 172 25.4 
Total 174 O08 20,348 22.100 162,019 173 
2,846.00 
F= 3.08 
925.42 
For } vy = 172 eer ‘i 
F value at 1% Ie 6./8 
Combination of Both Year 
Source of Degrees ot Sum if Square Deviatior 
Variance Freedom and Product Regr 
Between Method l 150 42 185 
Within Classes 333 13,301 18.117 07.943 83.267 332 50.8 
Total 334 13.451 17.694 109.128 85.853 33% 
>, 586.00 
fF = 10.31 
250.80 
For 1 = 33 Eva at S¢ \ i 9 
F value at 1° leve 6.72 
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Source of 
Variance 


I Jegre r 


Freedom 


ACHIEVEMENT 


EST FOR DIFFERENCES ON FINAL EXAMINATION OF 


IN TV 


12 


[TABLE 


r\ 
First Year 


Sums of Square 
and Product 


Sat 


Deviations about 
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Regression 
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AND SMALL CLASSES IN ANALYTIC GEOMETRY 








Between Method | 685 2,685 
Within Classes 559 23,339 29,761 214,346 176,396 558 316.12 
Total SAl 23,51 30, 44 217,031 177,608 559 
1,212 l 212.01 
‘ 1,212.00 
3.83 
316.12 
For yy 558 F value at 5% leve 8¢ 
F val it by level 69 
ec ynd Year 
Source of Degrees of Sums of Squar Deviations aly 
Variance Freedon ind Produc Regre yn 
Between Method 0) 137 613 
Within Classe $8] ), 8460 8,71 280.719 239,194 480) 498 
Tota 482 1, 890 28,854 281,33 239,474 48] 
280 | DRI 
198 
For 1 l +1) } 1 at & Re 
} ul at 69 
) Both Year 
Soure Dec S \ Deviat 
Variance Free ind Produc Regt 
Between Method 5 812 2, 920 
Within Cla 1,042 $4,375 8.472 495,344 418,297 1,041 401.8 
Total 1.043 14.400) 59.284 498.264 419. 462 1.042 
1.165 165 
l¢ i) 
> 
4()1 82 
For 1 4 / val ic t 5 \ | 85 
F value at 1‘ hf 
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TABLE 13 
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F Test ror DIFFERENCES IN ACHIEVEMENT, BASED ON THE COMPOSITE GRADES IN 


Source of 


Degrees of 


ANALYTIC GEOMETRY 


First Year 


Sums of Squares 


Deviati 


ns about 








Variance Freedom and Products Regression 
Between Methods Z 3 90 7,821 
Within Classes 208 8,676 $9,116 11,703,532 |1.300, 732 207 6,284 
Total 210 8,679 59,026 {1,711,353 {1,309,917 209 
9,185 2 4,593 | 
4,593 
F= = (), 7309 
6, 284 
For y= 2 Vo = 207 F value at 5°, levelis 3.04 
F value at 1% level is 4.71 
Second Year 
Source of egrees O ums of Squares eviations about } 
Source of D t S t Sq D t 
‘ "Ses | 
Variance Freedom and Products Regression 
| 
| 
Between Methods 2 269 1,180 15,192 
Within Classes 218 9,317 69,083 |1,687,886 |1,175,655 217 | 5,418 
} 
Tota ) S86 67,903 703,078 0} 9 
otal 22( 9,58 9 L FOS; 1,222, 084 | 
46,429 2 |23,215 
2% ONC | 
F = = 4.28 | 
‘ } 
5,418 
For v,; = 2 Ve = 217 F value at 5“ |e 3.04 
F value at 1% lev 4./) 
Combination of Both Year: 
Source of Degrees ot Sums of Squares Deviations ab 
Variance Freedom and Products Regr 
Between Methods 2 272 1,270 23,013 
Within Classes 429 17,993 128,199 3,391,418 2,478,009 428 | 5,79 
Total 431 18,265 126,929 3,414,431 2,532,364 $30) 
34,355 a Te 
27 75 
ft 4.68 
5.790 
For vy; = 2 Vo = 428 F value at 5 \ 3.02 
Fy il if +. 6 
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TABLE 14 
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F Test ror DirFERENCES ON FINAL EXAMINATION OF TV, Larce CLass 


AND SMALL CLASSES IN CALCULUS 
First Year 


Degrees of 
Freed ym 


Source of 
Variance 


Sums of Squares 
and Products 


Between Met he rds 


2 283 84 1,459 
Within Classes 435 16,979 2.446 141.643 
Total 437 17,262 2,362 143,102 
744.00 
} 2.29 
325.56 


For vy; = 2 Ve = 434 


Deviations about 
Regression 


141,291 434 325.56 
142,779 436 
1,488 2 744.00 


F value at 5% level is 3.02 


F value at 1% level is 4.66 





Second Year 


Degrees of 
Freedom 


Source of 
Variance 


Sums of Squares 
and Products 


Deviations about 
Regression 


Between Methods 2 260 721 2,016 
Within Classes 422 15,698 25,181 282,111 342,719 421 814.06 
Total 424 15,958 25,902 385,127 343,085 423 
366 ? 183.00 
183.00 
i, 0.22 
814.06 
For 1; 2 v 42] F value at 5% level is 3.02 
F value at 1° level is 4.66 


Conclusion 


It is possible to teach analytic geom 
etry more effectively in terms of im 
mediate achievement in classes of one 
hundred or more, or by TV, than by 
the usual small classes with a variation of 
instructors, from beginning instructors to 
the most experienced professors. It ap 
pears that there is no loss in external 
effects from the large class. However, it 
appears that the TV instruction may fail 
to hold the interest in mathematics, o1 
may not: give as lasting knowledge as 
either of the other modes of instruction 
This does not show that the achievement 
would be higher if all classes were large 
It does show that selected teachers, who 


excellent, can train 
large numbers of students better than 
they are trained by the set of all teach- 
ers employing small classes. 


are known to be 


Discussion 


Design of Experiment: A few 
ago it was decided that some students 
in analytic geometry would be taught 
on closed circuit TV. Since mathematics 
is such a fundamental part of an en- 
gineers curriculum, the opportunity to 
evaluate the effects of this type of in- 
struction was grasped. Members of the 
Mathematics Department, the Division 
of Academic Research and Services, and 
the Westinghouse Professor 


years 


devised a 
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TaB_e 15 
F Test ror DirFeERENCES IN FINAL EXAMINATION IN CALCULUS OF GROUPING IN THI 
FoLLow1nG MANNER 
TV Math. 41 TV Math. 42 
CV Math. 41 Small Class Math. 42 
Large Class Math. 41 Large Class Math. 42 
Large Class Math. 41 Small Class Math. 42 
Small Class Math. 41 TV Math. 42 
Small Class Math. 41 Large Class Math. 42 
Small Class Math. 41 Small Class Math. 42 
Comparing Counsel Math. vs. Math. 42 
Second Year 
Source ot Degrees of Sums of Squares Deviati ib 
Variance Freedom and Products Regr mn 
Between Methods f 347 965 9 O62 
Within Classes 418 15,611 24,937 376,065 336,231 +] 8 (¢ 
Poral 424 15,958 25,902 385.12 343.085 j 
6,854 1,142.3 
1 t420339 
1.42 
806.31 
For = = 417 F value at 5! \ 242 
F value at I! 5) 
two-year experiment wherein analytic analysis of the results during the first 


geometry would be taught by three 
modes: 
(1) The usual small classes (25 to 33 
students ) 
(2 A large class (125 to 150 stu- 
dents ). 
(3) Several sections (25 to 33 pe 
room) by one closed circuit T\ 


instructor. (A total of about 200 

to 225 
To partially eliminate the teacher ef 
fectiveness when comparing the results 
of 2 the 
to be interchanged. The final examination 
was to be a common one made bv the 
mathematics department. Four common 
hour tests were to be given to the sections 
of TV, the large class and those small 
sections taught at the same time. All of 
these were to be graded uniforml\ by 
the mathematics department. The fresh- 
men engineers were to be selected at ran 
dom and placed in the sections. The 
the counseling 


students. ) 


and (3 instructors were 


scores on mathematics 


test given to all freshmen would be used 
as a leveling variable in the covariance 


semester. 


In addition to making a comparison otf 


the actual achievement during — the 
course, an effort would be made to find 
other differences, such as interest in 
mathematics, success in subsequent 


courses, and hours of study required to 


produce the achievement 


The first vear the students were 
taught calculus in the usual small sec 
tions of from 20 to 33 students. After 
seeing the results of the first vear, it was 
decided to teach some calculus in a 


large section and by television. In ordei 
to study carefully 
mode of instruction, it was decided that 
one half of the T\ 
rv 


students 


the results of a given 


students would con 
half of 


would 


instruction, 
the 
a large class, the other half 


tinue with 
the 


continue 


one 
in large class 
in 
would be taught in small sections, and 
the replacements in the TV classes and 
the large class would be made from stu 


1) smal] 


dents taught the first semester 
classes; similarly for the large class. This 


TV-TV 


design gave seven combinations 














Y 


f 
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TABLE 16 
F Test ror DirFerReNCcES OF TV, Lance CLass AND SMALL CLass Matu. STuDENTS ON THEIR 
Composite Tests AND Fina ExAMINATION GRADES IN Puysics 


First Year 


Source ot Degrees of 
Variance Freedom 


Sums of Squares 


and Produc ts 


Deviations about 
Regressk yn 





Between Methods 2 268 3,048 63,450 
Within Classes 429 17,752 45,227 |3,401, 749 |3,286,524 428 7,678 
Portal 43] 18,020 48,275 |3,465,199 |3,335,872 430 
49, 348 ) \24,674 
24,674 
/ 3.21 
+ £78 
For 2 1 428 F value at 5% level 1s 3.02 
F value at 1% level is 4.66 
YECK nd ¥ 
Source ot Degrees ot Sums of Squar Deviations about 
Variance Freedon and Products Regression 
Between Method 2 151 1,013 , 594 
Within Classe 345 13, O3¢ 49,132 2,255,580 |2,070,405 344 6,018 
Portal 347 13,187 50,145 2,263,174 |2,072,493 346 
2.088 ? 1.044 
1,044 
0.17 
h.O18 
For 1 2 344 F value at 5° level is 3.02 


rv-sC LCL. ECS. SG-TV; SC-EC. 
SC-SC. The other possible combinations, 
TV-LC and LC-TV, 
these would have reduced the numbe1 
in the treatments too much 

Procedure: To insure random distribu 


tion of the students according to the 


were excluded since 


planned treatment, each year in printing 
the time table for classes. the engineering 
students listed by groups, i.e 
Group A, Group B, Group C 

Group DD. Prior to registration, a rostet 


were 


of all possible engineering freshmen was 
made. Then, by means of random num 
bers 125 students were selected by name 
to attend the TV classes, 75 were se 
lected to be in the large class and the 


F value at 1°) level is 4.67 


remainder were divided into groups of 
25 each. Each 
group upon the day of registration. Lists 
of the names by groups were given to 
the mathematics, chemistry, drawing, 
engineering, English and ROTC depart- 
ments. The first four departments 
checked carefully to insure that each 


student was told his 


student was enrolled in a section in ac- 
cordance with the predetermined treat- 
ment in mathematics. As was expected, 
some students did not register. Hence, 
the sections were not quite up to the 
chosen numbers. In spite of great care, 
four students did not receive the planned 
instruction. The net results for the two 
vears. initial enrollment were as follows: 
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F Test ror DIFFERENCES FOR THE First SEMESTER OVERALL GRADE PoInt AVERAGES OF 
AUGHT MATHEMATICS BY THE THREE MetrHops 


Source of 
Variance 


StuDENTs T 


I Jegrees ot 
k reed ym 


First Year 


Sums of Squares 
and Products 


Deviations about 
Regression 








Between Methods 2 8007 1.1180 2.6259 
Within Classes 669 110.0210 | 129.0211 | 413.8092 | 262.5068 668 393) 
Potal 671 110.8217 | 130.1391 | 416.4351 | 263.6114 670 
1.1046 2 $523 
5523 
I = 1.4053 
3930 
For VY; Vo = 668 value at 5% level is 3.01 
value at 1% level is 4.64 
Second Year 
Source of Degrees of Sums of Square Deviation it 
Variance Freedom and “Hee et Regre I 
Between Methods 2 0.6341 0.0970 0.1358 
Within Classes 657 92.7765 120.4311 449.6769 = 293.3480 65¢ +472 
Total 659 93.4106 | 120.5281 | 449.8127 | 294.2948 658 
0.9468 ) 4734 
.4734 
F = 1. OS8¢ 
.4472 
For V; l 65¢ value at 5°% les 3.0] 
Val it l le ve +.64 
Both Year 
Source Degrees of Sums of Square Deviatio 
Variance Freedom and Product Regrt 
Between Methods 2 .7803 . 1244 . 7984 
Within Classes 1,329 209.6913 252.5407 | 866.0891  561.943« 28 $23] 
Potal 1,331 210.4716 | 252.6651 | 866.8875 | 563.5704 
1.6274 2 R13 
. 8137 
I 1.92 
$23] 
For pv; VY. = 328 value at 5% leve 3.00 





p 


to 
4 
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TaBie 18 
Mode ot First Second Third 
Instruction Year Year Year 
T\ 114 118 232 
Bt: 68 71 139 
S¢ 510 439 949 


Students from other colleges were ad- 
mitted to all sections until the desired 
number for instructional purposes was 
obtained for all sections. 


The Department of Mathematics sup 
plied an outline of subjects that were to 
be covered in the course. The TV classes 
and the large class and three small 
classes were scheduled at consecutive 
hours four days per week: three days in 
the morning and one day in the after- 
noon. The ordering within the day was 
reversed the second year. The professors 
of the large class, the TV classes and 
the three small classes that could give 
the same tests, coordinated their work 
very closely and gave the same four how 
tests during the regular class periods 
(Tables 3 and 13). Since these classe: 
included only about one third of the 
freshman class, the main comparisons 
are based on the common final exam 
ination, which was given to all students 
The instructor in the large class used a 
View-Graph to insure that all students 
could see the instructor’s writing. Each 
of the nine TV rooms had a proctor and 
both instructors had graders for the 
homework. Assistance was supplied at 
night for the students by departmental 
representatives 

At the close of the semester the Math 
ematics Department prepared a final ex 
amination for the course. Different ones 
place different importance on the final 
examinations, etc. and it is not the policy 
to regiment in any way the _ professors 
on grading their students. So, for the 
purpose of this experiment, the final 
examinations were re-graded in a uni 
form manner after the protessors had 
given their course grades. Table 1 gives 
these re-graded final examination grades 


Even though the students were selected 
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by random numbers, the ability by 
groups, as indicated by a counseling 
mathematics test, was not the same. 
Consequently, a covariance analysis test 
was run, using this counseling test as a 
correlating variable. The averages and 
corrected averages are given in Table 2. 
The data for the covariance analysis are 
given in Tables 10 through 17. The F 
test for the combined results for the 
two shows that there is a significant dif- 
ference in the achievement of the stu- 
dents in the three groups. The students 
in the large class did better than all of 
the others and better than those in TV. 
Those in TV did better than the aver- 
age of those in all the small classes. The 
F values and those for significance at 
the one per cent and five per cent levels 
are given in the tables. 

Retention: Table 7 gives the number 
of students entering Math. 41, the num- 
ber taking the Math. 41 final examina- 
tion, the number entering calculus, and 
the number taking the final examination 
in calculus for each year. Although a 
smaller number of TV students dropped 
during the first semester, a higher per- 
centage of them were lost by the end 
of the year. The first year all students 
were taught calculus in small sections. 
Thus, it is believed that the difference 
in the percentages finishing the calculus 
must have resulted from a difference in 
knowledge and understanding received 
during the first semester, which was re- 
quired for the calculus course. 

Hours of Study: Each week during the 
engineering orientation class, each stu- 
dent turned in an estimate of the hours 
he studied during the past week on each 
Although it was known. that 
measures of study time by such reports 


course 


would not be precise, the reports ap- 
peared to be surprisingly reliable. The 
study hours reported here do not  in- 
clude those during final examination 
week. A careful viey of Table 4 shows 
that the test grades in the TV and the 
large class were directly related to study 
time. Because of the fewer hours of study 
the first vear, the semester was almost 
over before the boys in the large class did 
as well as those in TV. An analysis of 
variance was not run to see whether 
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there was a significant difference in the 
number of hours studied. The averages 
are highest for the TV classes, and low- 
est for the large class, with the small 
classes in between. 

Not only were these reports used for 
the purpose here, but they were used for 
other purposes. Specifically, they were 
to help the student form good study hab- 
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ability. One item of interest is the lasting 
effects of types of instruction. In order 
to see if the instruction had an effect on 
the achievement in physics, a comparison 
was made of the three groups of students 
having the three types of mathematics in- 
struction. This comparison was based 
upon numerical grades of examinations 
and tests given by the Physics Depart 





its. These reports clearly showed that ment. 


some courses were taking too much of the General Achievement: Sometimes a 


students’ time for the credits received. small deviation can destroy the equilib 
The over-all amount of time spent on rium of a system. Comparisons of the 
mathematics was about what should be grade point averages of the three groups 
expected. were studied. The ones with large class 
Achievement in Physics: Physics rests instruction did better than the others, but 
heavily on the student’s mathematical not significantly better (Table 17 


THE ECONOMICS OF NATIONAL SECURITY 


The Industrial College of the Armed Forces extends an invitation to qualified 
civilians in business, industry and the professions to enroll in its graduate-level cor 
respondence course, entitled “The Economics of National Security.” 

Operating under the direction of the Joint Chiefs of Staff, the Industrial College 
is unique among the military colleges of the world in that it conducts courses of 
study in the economic and industrial aspects of national security under all conditions 
and in the context of both national and world affairs, giving due consideration to 
the interrelated military, logistical, administrative, scientific, technological, political 
and social factors affecting national security. 

The 10-month resident course conducted by the college at Fort Lesley | 
McNair, Washington, D. C., for senior military officers and civilian executives of the 
Federal Government, is designed to enhance their preparation for important com- 
mand, staff, and policymaking positions in the national and international security 
structure. The correspondence course extends the facilities and program of the col- 
lege to those who are unable to receive resident instruction. Today, some 6,000 
correspondence students are participating in this program, including officers of all 
components of the Department of Defense; civilian executives and professionals in 
government as well as in business life; and nationals from several friendly foreign 
countries. Since its inauguration in late 1950, more than 10,000 persons have com 
pleted the course. 

“The Economics of National Security” presents the subject matter of the resident 
curriculum, adapted to the correspondence method of study. It consists of small 
bound volumes organized into five integrated units of study: Background Information: 
Resources and Facilities; Processes in the Economics of National Security; Foreign 
Aspects of National Security; and Problems of National Security. All texts and instruc 
tional materials are furnished at no cost to students. It generally takes about one 
year to complete all units. Certificates of completion are issued to those who satis 
factorily complete the full course. Special letters of recognition are accorded honor 
graduates. 

Qualified persons interested in taking the course may apply directly to the Com 
mandant, Industrial College of the Armed Forces, Washington 25, D. C., ATTN: Cor- 
respondence Course Division. A college education or its equivalent is highly desii 
able. Applicants who do not meet this criterion but have compensating qualifications 
will be considered on their individual merits. 











The Revision of the Constitution 


Some Notes Each Member Should Read. 


Soon you will be receiving a copy of 
the revised constitution for the Society 
and a ballot so that you can vote on its 
adoption. Many, many hours of delibera 
tion have gone into the preparation of 
the revision, and I am sure you will be 
pleased with the “charter” you will be 
asked to vote on. In all the discussions 
leading to the final step of adoption, your 
voting, only one point which 


arose on 


there was an honest difference of opin 


ion of sufficient magnitude to warrant 
giving each group the opportunity of 
stating its position. The two statements 
which follow, one by the Technical In 
stitute Division and the other by the 


Engineering College Administrative 
Council, pertain to the proposed estab 
lishment of a Technical Institute Coun 
cil and are for your information and con 
sideration prior to voting 

W. LeiGHTON Couns, Secretary 
Statement of the Technical 


Institute Division 


the but 
especially since 1929-30. the technolog 


During past century most 


ical developments in the United States 
have established the necessity 


for a core 
of supporting technical personnel of high 
capacity. Such engineering and science 
technicians and technologists are trained 


and educated for direct employment mn 
The 


preparation programs are generally two 


specific occupational assignments 


academic vears in length, are offered at 
the level of 


reviewed 


education, and 
the 
neers. Council for Professional Develop 
of the 


higher are 


for accrediting by Engi 


ment as programs technical in 


stitute type. 
The forum for this area of higher edu 
cation is the Technical Institute Division 
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of the American Society for Engineering 
Education. This serving 
increasing number of people who be- 


division is an 
come members of the Society and who 
take institute 


matters, 


technical 


an interest in 

During the immediate past administra- 
tion of the Technical Institute Division, 
there has been a steady and mounting 
individuals the divi- 
a broadening number of topics 
institute type of 
higher education. This has affected the 


workload of the As a 


quence, the governing committee which 


interest among in 


S1Ion In 
concerning technical 


division conse- 
administers the affairs of the division di- 
rected that a study of the reorganization 
be made. The broad objective was the 
development of a better structure to meet 
this heavy and diverse workload efficient- 
ly 
mittee was also encouraged to make this 
the 


process ot studving its whole organiZa- 


and effectively. The governing com- 


review because the Society was in 
tional structure 

The Technical Institute Division of 
ASEE adopted in toto on June 20, 1960, 
the following basic general conclusions 


resulting from the study 


|. There is a need for an organization 
ot 
institute tvpe of higher education. 
his should 
greater status than divisional level 
to 


velopments efficiently and to carry 


administrators of the technical 


organization have 


carry. out administrative de 


on relations with agencies of edu- 


cation, industry, and government 
for the advancement of the techni 
cal institute tvpe of higher educa- 


tion 


Y 


There is need for expanded ac- 


tivity in the academic discussions 
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to develop the academic phases of 
this type of higher education. 
It was therefore recommended that 
the following procedure be considered: 
1. Establish within the institutional 
membership pattern an additional 
institutional membership classifica- 
tion for schools with at least one 
ECPD.-accredited technical _ insti- 
tute type curriculum. 
2. Establish a technical _ institute 


council which would carry out, on, 


an administrative level, functions 
involving technical institute type 
of higher education, especially re- 
lations with external agencies. 
Each eligible institution would 
have one representative on this 
council. 

3. Direct the current Technical In- 
stitute Division toward an aca- 
demic forum, to be managed by 
an executive committee which 
would be elected from member- 
ship other than executive school 
officers. 

The Technical Institute Administra- 
tive Committee, composed of one of- 
ficially designated representative from 
each institution having curricula of tech- 
nical institute type accredited by ECPD 
was organized on June 29, 1961. Since 
no other provision for such a group is 
now provided by the Constitution of 
ASEE, it, of necessity, is operating as 
a committee of the Technical Institute 
Division. 

Upon the adoption of the proposed 
changes in the Constitution of ASEE 
this Technical Institute Administrative 
Committee would become the Techni- 
cal Institute Councii provided for by 
these changes. The Technical Institute 
Administrative Committee with its 
adapted articles, bylaws, officers, and 
membership could make a smooth and 
worthwhile shift to council status. This 
then would give technical institutes an 
organizational structure similar to that 
of engineering colleges: i.e., a council 
for carrying on functions of an admin- 
istrative nature and a division for func- 
tions of an academic nature. 

While currently only a few of the hun- 
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dreds of junior colleges in the United 
States have curricula accredited by 
ECPD, many of them offer curricula of 
technical institute type. These institu- 
tions, plus many more who are now de- 
veloping such curricula, should be en- 
couraged and guided by engineering or- 
ganizations and thus assure that they 
will make their maximum contribution to 
engineering education. The engineering 
technician occupies an important seg- 
ment of the total engineering spectrum 
and this segment is becoming. increas- 
ingly significant to industry and govern 
ment. 

Until the engineering profession has 
developed an adequate source of sup- 
porting personnel both in terms of qual- 
ity and quantity, it will never be able 
to meet the challenges being made upon 
it. The proposed constitutional changes 
will help to achieve this goal. 


Statement of ECAC 

The Executive Committee of ECAC 
was asked to approve the creation of a 
Technical Institute Council at a meeting 
of the committee held in Lexington, 
Kentucky, in June 1961, under the 
chairmanship of Dean Harold E. Wess- 
man. At the time the matter was pre 
sented it was realized that a quorum of 
the committee was not present, there 
being only three of the seven members 
of the outgoing committee in attend- 
ance. The matter therefore was tabled 
for consideration by the new Executive 
Committee taking office in July, 196] 

The first meeting of this new com- 
mittee was held in Kansas City on No- 
vember 16, with the following five mem 
bers present: 

Dean Fred Pumphrey, Auburn Uni- 

versity 
Dean George Town, Iowa State Uni 


versity 
Dean Joseph Pettit, Stanford Unive 
sity 


Dean Lee H. Johnson, Tulane Univer 
sity, Secretary 
Dean Robert H. Roy, Johns Hopkins 
University, Chairman 
When the matter of a Technical In- 
stitute Council was placed before the 
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committee it was moved and seconded 

that the Executive Committee disap- 

prove the proposed action and this mo- 
tion was carried without a dissenting 
vote. 

The reasons for disapproval advanced 
during discussion may be stated as fol- 
lows: 

1. No current members of the Ex- 
ecutive Committee had _partici- 
pated in any previous discussions 
of the matter and the reasons for 
the proposed action were therefore 
by no means clear. 

2. The Executive Committee, to at 

least some extent, seemed to be 

asked for ex post facto approval 
of what appeared to be an accom- 
plished fact. 

3. Members of the Executive Com- 
mittee feel strongly that the future 
of engineering as a profession will 
require additional, rather than less, 
education, with growing emphasis 
upon graduate study. It is there 
fore our belief that what is in ef 
fect a proposed merger with a 
numerically strong group which is 
by definition subprofessional, _ is 
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contrary to the best interest of 
ASEE. 

We do not in any way object to 
technical institutes per se, nor to 
association with them, except as 
part of the basic organizational 
structure of ASEE. Without in- 
tending any invidious comparisons, 
we do not believe that organiza- 
tional parity with ECAC, ECRC, 
Sections and Branches, Technical 
Divisions, etc., as proposed in the 
reorganization plan is in the best 
interest of ASEE. Again, these are 
all concerned with the profession 
of engineering, the proposed Tech- 
nical Institute Council is not. 


We have heard some expressions 
of opinion that, since the curricula 
of technical institutes are evaluat- 
ed and accredited by ECPD, and 
since some technical institutes exist 
in accredited engineering schools 
and colleges, ASEE should em- 
brace the Technical Institute 
Council as a mechanism providing 
surveillance. This argument has not 
pursuaded us to alter the stated 
opinion of disapproval. 


Requirements for Foreign Visitors Attending the Annual Meeting 


The following provisions pertain to foreign visitors who wish to attend the 


Annual Meeting at the Air Force Academy: 


1. Since the meeting will take place at ar 


Air Force installation, it is incumbent 


upon foreign attaches who wish to attend, to submit a visit request to: 
Assistant Chief of Staff, International Liaison Division, Hq. U.S.A.F., Wash- 


ington 25, D.C. 


to 


The Department of State will be requested to notify this office of any Eastern 


Bloc notices of intent to travel to the meeting. 


Ww 


Since the entire meeting will be unclassified, no special clearances for at- 


tendance will be required for foreign nationals other than Eastern Bloc. 











CONSTITUTION AND BYLAWS 


(As Amended June, 1957) 


American Society for Engineering Education 


Article I—Name and Objects 


Section 1. The name of this organiza- 
tion shall be the American Society for 
Engineering Education. 


Section 2. The Society shall be a con 
tinuation of the Society for the Promo 
tion of Engineering Education and _ its 
organization and purpose shall be ex- 
panded so as to include those of the En 
gineering College Research Association. 


Section 3. The purpose of this Society 
shall be the advancement of education in 
all its functions which pertain to engi 
neering and allied branches of science 
and technology, including the processes 
of teaching and learning, research, ex- 
tension services, and public relations 
The Society shall serve its members as a 
common agency of stimulation and guid 
ance in: (a) the formulation of the gen 
eral goals and responsibilities of engi 
neering education for the service of indi 
viduals and the advancement of general 
welfare; (b) the adjustment of curricula 
and educational processes to changing 
conditions; (c) the development of effec 
tive teachers and administrators; (d) the 
improvement of instructional materials 
and methods, of personnel practices, and 
of administrative usages; (e) the en 
hancement of professional ideals and 
standards; (f) the fostering of research 
as a function collateral to teaching: (g 
the coordination of institutional aims 
and programs, both among schools and 
colleges and in their joint relations with 
professional, educational, and __ public 
bodies; and (h) the cultivation of a fra 
ternal spirit among teachers, admin- 
istrators, investigators, practitioners, and 
industrialists. 
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Article 1|—Membership 


Section 1. Membership in the Society 
shall be of two general classes, Individual 
and _ Institutional 


Section 2. Individual membership 
shall be of three classes, Active, Life, and 
Honorary. It shall comprise those pet 
sons who occupy or have occupied re 
sponsible positions in engineering in 
struction, research, o1 practice, o1 other 
persons interested in engineering educa 


tion 


Section 3. The name of each candi 
date for active individual membership 
shall be proposed in writing to the Secre 
tarv by two members of whom the can 
didate is personally known. The pro 
posal shall state the qualifications on 
which it is based. An affirmative letter 
ballot of three-fourths of those members 
of the Executive Board whose votes 
reach the Secretary within one month 
from the time of sending out the name 
of the candidate shall elect 


Section 4. A member in good standing 
may become a life membet eX¢ mpt trom 
all future payments for dues, by a single 
payment of an amount equal to twenty 
times the annual dues tor members 
Such payments rece ived by the Society 
shall be placed in a separate fund known 
as the Life Membership Fund. The in 
terest earned on this fund shall be used 


as current income 


Section 5. An individual member who 
has been in good standing for twenty 
five (25) vears or more, who has reached 
the age of sixty-five (65) vears, and who 
has retired from active professional life 
may, upon written request, be designated 
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as a life member by vote of the General 
Council, and shall thereafter be exempt 
from payment of dues. 

Section 6. Honorary members may be 
chosen from among those who have ren- 
dered eminent service to mankind in en- 
gineering education or other engineering 
fields. Nomination of such candidates 
mav be made by any member of the So- 
ciety to the Committee on Honorary 
Membership. The Committee on Hon 
orary Membership will in turn recom- 
mend to the General Council candidates 
for honorary membership 

Election shall be by a favorable vote 
of at least three-fourths of the members 
of the General Council in a letter ballot 
to be taken by the secretary. Councilors 
not heard from within one month from 
the date of mailing the ballots will be 
counted in favor of the candidate 

Honorary members shall enjov all the 
privileges of the Society, and shall not be 
required to pay any fees or dues 

Election to honorary membership shall 
be limited in any administrative vear to 


not more than two candidates 


Section 7. Institutional members shall 
be of four classes: Active, Affiliate, Asso 
ciate, and Industrial. Active members 
shall be institutions which are eligible 
to participate in either or both of the in 
stitutional membership councils. Affili 
ate members shall be other educational 
institutions engaged in technical instruc 
tion which have one or more curricula 
accredited by Engineers’ Council for Pro 
fessional Development or which are ac 
credited by a major regional educational 
association. Associate members shall be 
professional organizations of engineers 
and research — institutions. — Industrial 
members shall be industrial organizations 
which have a major interest in engineer- 
ing education. 

Section 8. Active member institutions 
shall be only those offering curricula 
leading to baccalaureate or higher de 
gree in engineering and having one or 
more curricula accredited as such by En 
gineers. Council for Professional Devel 
opment, or if not within its jurisdiction 
must have one or more engimeering cur- 
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ricula whose standards as judged by a 
competent accrediting agency are not 
lower than those of that Council. In the 
absence of any such accrediting agency 
the Executive Board of the Society shall 
have the power to judge of the equiva- 
lence of standards. 

Section 9. All institutions which meet 
the conditions described in section 8 
shall be eligible to participate as voting 
members in the Engineering College Ad- 
ministrative Council. To be eligible for 
voting participation in the Engineering 
College Research Council it is further 
required that the institution’s research 
organization or activity shall have ex- 
isted for at least three (3) years and shall 
have expended for engineering research 
during the three (3) fiscal years next 
preceding the date of its admission to 
the Council not less than that sum pre- 
scribed in the bylaws of the Engineering 
College Research Council. 

Section 10. An institution may be pro- 
posed for membership by an official rep- 
resentative of any member institution 
who is familiar with the work of the insti- 
tution proposed; or application for ad- 
mission may be made directly by a re- 
sponsible officer of the institution con- 
cerned. In either case the proposal or 
application shall be made in writing, ad- 
dressed to the Secretary of the Society, 
and shall indicate the grade of member- 
ship applied for and the Council or Coun 
cils in which it wishes to participate. 


Section 11. The Executive Board shall 
determine the eligibility of the applicant 
for institutional membership of any class 
in the Society. The Executive Board 
shall have the power to elect Affiliate, As- 
sociate, and Industrial members of the 
Society by letter ballot, but shall refer 
applications for Active membership to 
the Executive Committee of each of the 
Councils in which the applicant desires 
to participate, each such Executive Com- 
mittee being empowered to admit the ap- 
plicant to the Council which it repre- 
sents. All elections shall require a two- 
thirds favorable vote of the ballots cast. 
Institutions thus elected to membership 
in either or both of the institutional 
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Councils thereby become Active institu- 
tional members of the Society. 


Article !1|—Organization 


Section 1. The means to ends speci- 
fied in Article I, section 3, shall include 
the establishment of subordinate units 
of organization as needed to serve local, 
regional, departmental, or functional in- 
terests, the holding of meetings, confer- 
ences, and special schools, the setting up 
of agencies for educational inquiry, re- 
search, or planning, and the publication 
of papers, reports, researches, communi- 
cations, and other significant materials 
concerned with engineering education. 


Section 2. The Society shall be an or 
ganization of individual and institutional 
members and shall operate in two coor- 
dinate areas of activity corresponding to 
the respective interests of these groups. 
Its general activities shall be admin- 
istered by an Executive Board (see Arti- 
cle V). The activities of its individual 
members shall be conducted under a 
General Council (see Article VI) and the 
activities of its institutional members 
through an Engineering College Research 
Council (see Article VII), and an Engi 
neering College Administrative Council 
(see Article VIII). 

The individual members of the Society 
shall further be organized in groups to 
function as (a) sections in specified terri- 
tories; (b) branches formed by members 
of single institutions; and (c) divisions 
with important subjects of instruction, 
research, or activity related to enginee1 
ing education, under provisions as here 
inafter set forth 


Article 1V—Officers 


There shall be a President, who shall 
be the executive officer of the Society 
and who shall hold office for one veai 
There shall be six Vice Presidents, each 
to hold office for two years as follows: in 
connection with individual memberships. 
two Vice Presidents responsible for Gen 
eral and Regional Activities, one in the 
Eastern part of the United States and 
one in the Western part, as designated by 
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the Executive Board, to be elected in al- 
ternate years; a Vice President for in- 
structional Divisions and Committees, and 
a Vice President for General Divisions and 
Committees to be elected in alternate 
years. In connection with institutional 
memberships, there shall be a Vice Presi- 
dent for the Engineering College Re- 
search Council and a Vice President re 
sponsible for the Engineering College 
Administrative Council, to be elected in 
alternate years. There shall be a Secre 
tary, to be appointed annually by a com- 
mittee consisting of the President and all 
Vice Presidents; and a Treasurer, to be 
elected annually 
the office of the President, the senior 
Vice President for General and Regional 


In case of vacancy in 


Activities shall succeed. In case of a va- 
cancy in the office of Vice President for 
General and Regional Activities, the sen- 
ior Vice President for Instructional Divi- 


sions shall succeed. 


Article V—Executive Board 


Section 1. The Executive Board of the 
Society shall consist of the President, the 
six Vice Presidents, the Secretary, and 
the Treasurer. Its function shall be to 
coordinate the activities of the Society 
Its actions shall be final as to (a) approval 
of budgets, (b) authorization of publica 
tions, (c) conventions, (d) appointment 
of officers to fill emergency vacancies, (e 
determination of eligibility of institu 
tional members, and (f) actions of the 
Society in relation to other organizations 
The Executive Board is responsible for 
the general supervision and control of all 
financial matters in which the name of 
the Society is used. In all other matters, 
however, the Executive Board is advisory 
to the General Council, the Engineering 
College Research Council, and the Engi- 
neering College Administrative Council 
of the Society 


Section 2. The procedure in (d) filling 
emergency vacancies shall be as follows: 
excepting the Secretary, whose appoint- 
ment is otherwise provided herein, the 
Executive Board shall make the appoint- 
ment on recommendation of the Presi- 
dent; provided, however, that, in case of 
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vacancy in the office of a Vice President 
associated with the institutional mem- 
bership, the President shall transmit to 
the Executive Board the recommendation 
of the Executive Committee concerned. 
The term of emergency appointments 
shall be until a successor is regularly 
elected. 

Section 3. In case of a national emer- 
gency during which it is impossible for 
the Society to hold a regular meeting, 
the Executive Board may take any action 
on behalf of the Society that it deems 
necessary and advisable; provided, how 
ever, that such action shall be reported 
to the Society at its first regular meeting 
thereafter. 


Section 4. Each Council of the Society 
shall report all of its actions to the Ex 
ecutive Board and shall not take an ac 
tion affecting the interests of another 
Council until such proposed action has 
been considered by the Executive Board; 
provided, however, that in cases wher 
the time element is too critical to pel 
mit deliberation by the Executive Board 
a Council may, on its own responsibility, 
take emergency action within its own 
domain, or if it so authorizes, its Execu 
tive Committee may take such action; o1 
provided further that a Council, or its Ex 
ecutive Committee if so authorized, may 
take such action jointly with another 
interests are in 


Council where joint 


volved 


Article VI—General Council 


Section 1. The General Council of the 
Society shall consist of the President, 
who shall be chairman; the six Vice 
Presidents, the Secretary, the Treasurer, 
the three Junior Past Presidents, the sec 
retaries of the Engineering College Re- 
search Council and the Engineering Col 
lege Administrative Council, and a rep- 
resentative of every Division and Section 
elected by the body concerned for a term 
of two years according to a plan of rota- 
tion in which one half of such representa- 
tives will be chosen each vear 


Section 2. Any individual member of 
the Societv shall be eligible for election 
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as such a representative on the General 
Council. 


Section 3. Incumbent elective officers 
and members of the Council shall con- 
tinue in office for a period of ten (10) 
days after the date of the annual meet- 
ing or in the event that no annual meet- 
ing is held, until ten (10) days after their 
successors shall have been elected. 
Section 4. The 
Council shall be final on all matters con- 
cerning the General and Regional Ac- 
tivities and the Instructional Divisions, 


actions of the General 


excepting those herein delegated to the 
Executive Board. 


The General Council shall 
determine its own Bylaws which shall 
conform to the Constitution and Bylaws 
of the Society. 


Section 5. 


Article Vil—Engineering College 
Research Council 


Section 1. There shall be an Engineer- 
ing College Research Council whose pur- 
pose shall be to assist in developing the 
research facilities of engineering colleges: 
(a) to further advance study in colleges 
of engineering and to develop and co- 
ordinate industrial and scientific research: 
(b) to undertake research designed to 
promote engineering advancement and 
economic adjustment in industry, public 
works, public health, the conservation 
and development of natural resources, 
and similar activities; (c) to cooperate 
with other associations and government 
agencies in the prosecution and promo- 
tion of research and to collaborate with 
them to prevent duplication of effort and 
achieve maximum utilization, coordina- 
tion, and development of engineering 
and scientific research facilities; and (d) 
to publish periodic research reports, stud- 
ies, papers, and investigations of signifi- 
cant value to engineering colleges and 
cooperating agencies for research. 


Section 2. Its membership shall con- 
sist of institutions complying with the 
Bylaws of the Research Council. There 
shall be Active (voting) and Associate 
Each mem 


bership shall be entitled to one or more 


non-voting) membership. 
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representatives designated by the proper 
officer of each member institution. Each 
Active Institutional membership - shall 
have but one vote. Al! Institutional mem- 
berships shall be admitted by the Re- 
search Council. 

Section 3. There shall be an Executive 
Committee of, and constituted by, the 
Engineering College Research Council; 
provided, however, that the Vice Presi- 
dent of the Society associated with this 
Council shall be Chairman of the Coun- 
cil; and the President, Treasurer, and 
Secretary of the Society shall be ex officio 
advisory members without vote; and its 
powers shall be those delegated to it by 
this Council. 

Section 4. The Engineering College 
Research Council shall determine its own 
Bylaws which shall conform to the Con- 
stitution and Bylaws of the Society. 


Article Vill—Engineering College 
Administrative Council 

Section 1. There shall be an Engineer- 
ing College Administrative Council 
whose purpose shall be (a) to relate the 
engineering colleges to public welfare 
by close cooperation with the agencies 
of the Government; (b) to bring about 
cooperation among engineering colleges 
in the interest of the engineering protes- 
sion, industry, and the public at large; 
(c) to bring about cooperation between 
the engineering colleges of this country 
and those of other lands; (d) to cooperate 
with engineering societies, trade organi- 
zations, and commercial groups in the in- 
terest of engineering education; (e) to act 
as an instrument of inquiry into problems 
which contribute to effective administra- 
tion of engineering colleges; (f) to make 
the public conscious of the value of engi 
neering education as a preparation for 
service to society in a technologic civili- 
zation. 

Section 2. Its membership shall in- 
clude one duly appointed representative 
of each such Active Institutional Mem- 
bers and Associate Institutional Members 
(non-voting) as are admitted to the Engi- 
neering College Administrative Coun- 
cil. 
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Section 3. There shall be an Execu- 
tive Committee of, and constituted by, 
the Engineering College Administrative 
Council; provided, however, that the 
Vice President of the Society associated 
with this Council shall be Chairman of 
the Council; and the President, Treas- 
urer, and Secretary of the Society shall 
be ex officio advisory members without 
vote; and its powers shall be those dele- 
gated to it by this Council. 


Section 4. The Engineering College 
Administrative Council shall determine 
its own Bylaws which shall conform to 
the Constitution and Bylaws of the 
Society. 


Article 1X—Sections, Branches, 
Divisions, and Committees 


Section 1. A_ section of the Society 
may be formed by members of the 
Society in two or more institutions and 
for all members within a territory pre- 
scribed by the General Council. A Sec- 
tion may be formed by a_ temporary 
organization which shall become a duly 
authorized section of the Society upon 
the approval of the General Council. 
Sections may determine their own form 
of organization, but shall operate in con- 
formity with the Constitution and the 
svlaws of the Society and shall make a 
report of their proceedings to the Sec 
retary of the Society. Sections shall be 


self-sustaining 


Section 2. A Branch may be formed 
by members of the Society in any one 
or more institution(s) by a temporary 
organization, which shall become a duly 
authorized Branch of the Society upon 
approval by the Executive Board 
Branches may determine their own form 
of organization, but shall operate in con- 
formity with the Constitution and the By 
laws of the Society and shall make a 
report of thei proceedings to the Sec- 
retary of the Society. Branches shall be 
self-sustaining. 


Branches may cooperate with, or be 
a part of, other organizations having the 


same general purposes as this Society. 
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The general purpose of Branches is to 
extend the interest in, and the discussion 
of, questions relating to the teaching of 
engineering students and to bring to the 
Society at large, through its publications, 
the activities in all institutions that will 
be serviceable to the members of the 
Society. 
Section 3. The General Council may 
establish Divisions of the Society in 
areas of instructional responsibility gen- 
erally existing in engineering colleges, 
e.g., mathematics, electrical engineering, 
etc., and in fields of major interest within 
the Society not directly related to in- 


struction. 


Section 4. The Executive Board, the 
General Council, the Engineering Col- 
lege Research Council, and the Engi 
neering College Administrative Council 
may establish committees in their respec 
tive domains as prescribed in the Bylaws 


Article X—Election of Officers 


Section 1. The President, Treasurer, 
and four Vice Presidents, who must be 
members of the Society, shall be elected 
bv mail ballot of the individual member 
ship. The President and Treasurer shall 
be elected annually. The two Vice Presi 
dents for General and Regional Activi 
ties shall be elected in alternate vears 
The Vice President tor Instructional Divi 
sions and Committee Activities and the 
Vice President for General Divisions and 
Committees shall be elected in alternate 
vears. The two Vice Presidents associated 
with institutional membership shall be 
elected at the annual meeting of the 
Societv in alternate vears for ré spective 
terms of two vears by their respective 


councils 


Section 2. There shall be a Nominat 
ing Committee consisting of the three 
Junior Past Presidents, senior member 
to be chairman, and those General Coun 
cil members elected by the Sections and 
Divisions whose terms expire in the year 
in which the annual meeting is held. 


Section 3. By means of a form fu 
nished at the beginning of each academic 


CONSTITUTION AND BYLAWS 


607 


year, an opportunity shall be given to 
individual members of the Society to 
submit names of persons to be considered 
for nomination. These names, on the 
forms provided, shall be sent to the Sec- 
retary of the Society not less than thirty 
(30) days prior to the fall meeting of the 
General Council. The Secretary shall 
submit the suggested names to all mem- 
bers of the Nominating Committee. At 
the time of the fall meeting of the Gen- 
eral Council the Nominating Committee 
shall select candidates whose names shall 
be made available to the entire member- 
ship in December or January. After the 
publication of the nominees proposed by 
the Nominating Committee, other nom- 
inations may be made by petition of 50 
signatures of members of the Society in 
good standing. Each nominee must have 
indicated his willingness to serve if 
elected before his name can be placed 
on the ballot. In February or March 
ballots giving the names of all candidates 
will be provided. Ballots received by the 
Secretary by March 31 shall determine 
the election of the officers as of April 1. 
Their terms of office shall begin ten days 
after the date of the annual meeting 


Article Xl—Dues 


Section 1. There shall be no admis- 
sion fee. 


Section 2. The annual dues shall be 
as stated in the Bylaws of the Society, 
and any change in the dues of individual 
membership shall be determined by let- 


ter ballot of such membership. 


Section 3. A member elected prior to 
February 1 in any fiiscal year shall pay 
the full dues of that vear; if elected after 
1, he shall pay half the dues 


of that vear. 


February 


Section 4. Dues are payable in ad- 
vance at the beginning of each fiscal vear 
and shall be considered in arrears if not 
paid by the end of the fiscal year for 
which they are assessed. Dues of new 
members are payable at the time of elec- 
tion and shall be considered in arrears if 
not paid by the end of the fiscal year 
within which they are elected. 
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Section 5. Members in arrears one 
year shall be retained on the roll of the 
Society. Members who are in arrears 
two years, and who have been duly 
notified by the Secretary shall be dropped 
from the roll of the Society. Anyone who 
has been dropped from membership for 
non-payment of dues may renew his 
membership by applying in the usual 
way and paying the arrearage in dues for 
the year during which he received the 
JouRNAL OF ENGINEERING EDUCATION. 


Section 6. Honorary members. shall 
be exempt from payment of dues. 


Article Xll—Meetings 


There shall be at least one annual 
meeting at such time and place as the 
Society at the preceding meeting, or the 
Executive Board, if the Society does not 
act, may determine. The Executive 
Board shall authorize the time and place 
of meetings held under the auspices of 
Divisions and Committees excepting 
those held at national conventions of the 
Society. 


Article X1I11—Publications 


Section 1. The Executive Board shall 
authorize all official publications of the 
Society and shall also prescribe the rights 
of the several grades of members in con 
nection with these publications. 


Section 2. Papers and discussions pre 
sented before Sectional, Branch, Divi 
sional, and annual meetings or submitted 
in contests in Sections, Branches, Divi- 
sions, and the Society at large shall be 
the property of the Society and may be 
published as Society proceedings if au- 
thorized by the Publications Committee 
The Secretary shall have authority to 
waive property rights of the Society or to 
grant permission to publish such papers 
and discussions elsewhere on condition 
that the Society receives proper credit 


Article XiV—Amendments 


This constitution may be amended by 
a favorable vote of the individual mem- 
bers of the Society, the proposed amend 


ment being approved if at least two- 
thirds of the ballots returned within 
thirty (30) days after they are mailed out 
are favorable; and provided further (a) 
that the proposed amendment has first 
been voted upon by each of the three 
councils of the Society and (b) that the 
results of such votes be recorded in the 
notice sent out to the membership with 
the ballots. 


BYLAWS OF THE SOCIETY 


First. The Executive Board shall ar- 
range for the annual meeting and _ pre 
pare a program for it. 


Second. Each Vice President shall sub- 
mit a proposed budget for the activities 
for which he is responsible, to the Execu 
tive Board through the Secretary, who 
shall incorporate it with the General 
Budget so that the total proposed budget 
may be submitted to the Executive Board 
before May 1. 


Third. Disbursements from the funds 
of the Society shall be made by the 
Treasurer in accordance with the ap- 
proved budget or a direct appropriation 
authorized by the Executive Board for a 
special purpose, and upon vouchers 
signed by the Secretary of the Society 


Fourth. Within the ceiling limits for 
dues hereby established, the dues of 
members may be adjusted annually by 
the General Council at the same council 
meeting at which the annual budget is 
considered. The dues shall be so ad- 
justed within the ceiling limits hereby es- 
tablished that over a reasonable period 
of years the Society shall not incur a def 
icit that in the opinion of the General 
Council might endanger continuity of 
operations. 

The ceiling on dues shall be $7.00 per 
vear for those who have not reached their 
36th birthday at the beginning of the 
fiscal year (July 1) and $10.00 per year 
for all other individual members. Except 
for the first year after the adoption of this 
Bylaw, the increase in dues approved at 
any one time shall not exceed $1.00 for 
individual members 
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During the first year after adoption of 
this Bylaw, the dues for individual mem- 
bers will be $6.00 for members who 
have not reached their 36th birthday by 
July 1, 1954, and $8.00 for all other 
members. 


The annual dues of institutional mem- 
bers will be as follows: 
1. Active Members 
a. Participating in both Institu 
tutional Councils, $50.000. 
b. Participating in only one In- 
stitutional Council, $35.00 
2. Associate Members, $50.00 
3. Industrial Members, $50.00 
4. Affiliate Members, $25.00 


Fifth. The fiscal year of the Society 
shall be July 1 to June 30 


Sixth. The Secretary of the Society 
shall be secretary of the Executive 
Board. 


Seventh. Committees reporting to ci 
ther Institutional Council shall be au 
thorized by the Executive Committee 
concerned and be appointed by the Vice 
President concerned. Committees of 
Sections, Branches, or Divisions shall be 
authorized by the body concerned and 
be appointed by the chairman of the body 
concerned, The ASEE Awards Commit 
tees (both for specific Society prizes and 
for coordination of award activities), the 
Membership Committees, the Financial 
Policy Committee, the Publications Com 
mittee, the Public Relations Committee, 
the Annual Meeting Committee, and the 
Constitution and Bylaws Committee are 
appointed by the President and are re 
sponsible to the Executive Board. Other 
standing committees and committees for 
special projects authorized by the Exec 
utive Board and General Council shall be 
appointed by the President with staff re 
sponsibility designated to the appropri 
ate Vice President 


Eighth. There shall be a Publication 
Committee consisting of the President, 
the Junior Past President, the Editor (ap- 
pointed by the Executive Board), the 
Chairman of the English Division (ex 
officio), the secretaries of Engineering 
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College Administrative Council and En- 
gineering College Research Council, and 
the Secretary of the Society, who shall 
be chairman. It shall be responsible to 
the Executive Board for the general ad- 
ministration of all official publications of 
the Society. 


The Editor shall be in direct charge of 
the JoURNAL OF ENGINEERING EpuCa- 
TION. Publications authorized by the En- 
geering College Research Council and 
the Engineering College Administrative 
Council shall be edited and published in 
accordance with plans of procedure rec- 
ommended by these respective Councils 
and approved by the Executive Board. 


The selling price of all publications 
shall be determined by the Executive 
Board on recommendation of the Pub- 
lications Committee. 


All income from publications shall be 
classified as income of the Society ap- 
plicable to the annual budget of the So- 
ciety. 


Ninth. The Awards Policy Committee 
is responsible for establishing and coor- 
dinating policy, including procedures for 
presentations, with respect to awards pre- 
sented in the name of the Society or a 
constituent part of the Society. 


Tenth. These Bylaws, excepting as 
they relate to dues of individual mem- 
bers, may be amended by a two-thirds 
vote of the members present at any regu- 
lar meeting of the Society, provided that 
all individual and institutional members 
have been notified of the proposed 
amendment by notices published in the 
JOURNAL at least thirty (30) days prior to 
the said regular meeting at which action 
is to be taken, and provided further that 
the proposed amendment has first been 
voted upon by the General Council and 
the results of such vote recorded in the 
notice sent out for the meeting at which 
the proposed amendment is to be acted 
upon 


The dues of individual members mav 
be changed only by a majority vote re- 
ceived by letter ballot of individual mem- 


bers 
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OUTLINE OF THE MECHANICS DIVISION PROGRAM 
USAF Academy, Colorado 


TUESDAY, JUNE 19 

1:00 P. M. Conterence 
Joint-Sponsored Conference with Mathe 
matics. Panel discussion of the Report 
of the Committee of the Mathematical 
Association of America on the Un- 
dergraduate Program in Mathematics 
(CUPM) for the Physical Sciences and 
Engineering. 

WEDNESDAY, JUNE 20 

2:00 P.M. Conference 

Conference (Topics to be announced) 
4:30 P.M. 

Executive Committee Meeting 


Presiding: E. P. Popov, University of 
California, Berkeley 


610 


THURSDAY, JUNE 2] 
1:00 P.M. Conference 


Joint Conterence—Aeronautical Enginee 
ing, Educational Methods, Engineering 
Graphics, Mathematics, Mechanical En- 
gineering. 

1. Speaker: Asche Shapiro, Massachu- 
setts Institute of Technology. Report 
from the National Committee for 
Fluid Mechanics Films. 

2. Speaker: Arnold Roe, University of 
California, Los Angeles. Resumé of 

research and experience with pro- 

grammed learning related to engi 
neering course work 


4:30 P.M. 
Business Meeting 
Presiding: E. P. Popov, University of 
California, Berkeley 


Irl. Eng. Ed. 


V. 52, No. 9, May, 1962 
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CHAIRMAN’S MESSAGE 


This vear continues to be an excep- 
tionally active one for research workers 
and teachers in mechanics. Numerous 
new texts advocate new approaches to 
the teaching of mechanics. The tradi- 
tional presentation of material is under- 
going re-appraisal. Highly general, math- 
ematical treatment of the subject is be 
coming widely accepted. The extreme 
advocates of this point of view insist in 
breaking with tradition, and proceeding 
directly to the study of mathematical the 
ories of elasticity and plasticity. Solid 
and fluid mechanics occasionally appear 
in unified treatment. The lines separat- 
ing physics and engineering mechanics 
appear to be eroding 

On the other hand, thousands of en- 
gineers must be educated, to whom the 
above generalized approaches appear too 
abstract. To these, mathematical formu 
lations, not strongly motivated by physi- 
cal experience, are not exciting. To 
them, this treatment does not seem to be 
“engineering. Because of these conflict 
ing points of view, perhaps, we are en 
tering a new era where common courses 
in mechanics can no longer answer the 


needs of all engineers. Is it possible that 


‘a significant bifurcation point has been 


reached in mechanics teaching in this 


countrv? 


ASTM AWARDS GRANTS-IN-AID 


To answer these and other questions 
our quest as teachers of engineering me- 
chanics continues. At a meeting in Boul- 
der, Colorado, June 19-24, 1961, some 
of the above topics were explored (see p. 
624. An interesting book, Curricula in 
Solid Mechanics (reviewed on p. xxxvi), 
has been published as a result of this 
meeting. The forthcoming “Conference 
for College Teachers of Engineering Me- 
chanics” at the Ohio State University 
scheduled for September 10-15, 1962, 
may provide additional answers. Like- 
wise, at the Mechanics Division meeting 
during the annual ASEE convention, 
which unfortunately will run concur- 
rently with the Fourth U. S. National 
Congress of Applied Mechanics, some of 
these points will be explored further. 

As this interesting debate continues 
unabated, the demand for students edu- 
cated in mechanics, be that via civil, me- 
chanical, or mechanics departments of 
our universities, continues to grow. Stu- 
dents schooled in basic mechanics are in 
demand, many are needed by industry, 
research organizations, and educational 
institutes 

E. P. Popov 

Professor of Civil Engineering 
University of California 
Berkeley, California 

Februarv 1, 1962 


The American Society for Testing and Materials’ Committee on Fellowships 
and Grants-in-Aid has selected five recipients for ASTM $1,000 Grants-in-Aid for 
1962-1963. The following schools will receive these awards: University of Arizona, 
Tucson, Arizona; Clark University, Worcester, Massachusetts: Massachusetts Institute 
of Technology, Cambridge, Massachusetts; University of Michigan, Ann Arbor, Michi- 
gan; and The Pennsylvania State University, University Park, Pennsylvania. 


ASTM annually presents grants-in-aid to five of the nation’s engineering and 


science schools to promote pure and applied research in materials or the properties 


of materials. This award program was established in 1959 to further the work of 


the Societv in the field of research and standardization of materials. 


Grants are given to faculty members who direct the selected research projects. 
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Many outstanding contributions were 
made in the field of mechanics from an- 
cient times to the present day by scien- 
tists who lived in Italy. Archimedes, con- 
sidered the greatest of the ancient Greek 
scientists, lived from 287 to 212 B.C. in 
the present Sicilian city of Syracuse, then 
a Greek colony. From those of his works 
which remain we realize how completely 
he had mastered statics and hydrostatics. 
Using a rigorous method containing the 
fundamentals of integral calculus, Ar- 
chimedes was able to compute centroids 
of many plane and solid figures as well 
as the centroid of a segment of a parabo- 
loid of revolution. 

The Romans, the greatest builders of 
ancient times, learned statics from the 
Greeks and applied their knowledge of 
statics to the art of building. From the 
imposing remains of their construction, 
from the ruins of their bridges, from thei: 
sculptures in which the most common 
and the most complicated mechanical in 
struments and machines are represented, 
and from information provided by an- 
cient Roman historians, we have an un- 
derstanding of their technical knowledge. 
Vitruvius, a famous Roman architect and 
a contemporary of Emperor Augustus, 
left us De Architectura, an encyclopedia 
of the art of building in the time of the 
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ancient Romans. The first seven volumes 
of this work deal with construction of 
buildings, the eighth deals with hydrau- 
lics, the ninth with astronomy and the 
tenth with mechanics. This tenth volume 
describes machines used by the Romans 
in peace and in war. 


Most of the knowledge of the Greeks 
and of the Romans was lost during the 
Middle Ages and many centuries passed 
before it was recovered. This rediscoy 
ery of the ancient Greek science occurred 
in Italy during the Renaissance. In the 
Renaissance, Italy became the center of 
learning in Europe. It is this period, a 
period of splendor unparalleled in his 
tory, during which some of the greatest 
figures lived: scientists such as Galileo 
Galilei, painters such as Raffaello Sanzio 
sculptors and architects such as Michel 
angelo Buonarroti. 


Leonardo da Vinci, who lived from 
1452 to 1519, was one of the outstand 
ing men of this period. It is difficult to 
judge if he was greater as an artist, as an 
inventor, as an engineer or as a scientist 
He did not write books, but many of his 
notebooks have reached us. They show 
how deep was his interest in every 
branch of pure and applied science, and 
with what curiosity he investigated every 
aspect of nature. He was_ particularly 
fond of the science of mechanics. In one 
of his notebooks he wrote, “Mechanics is 
the paradise of mathematical sciences 
because here we come to the fruits of 
mathematics.” Leonardo applied the 


principle of virtual displacements in an 
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alyzing various systems of pulleys and 
levers used in hoisting devices, used the 
parallelogram law in composing forces, 
applied the laws of statics in finding the 
forces acting on members of structures. 
Some investigation was made by him 
concerning the strength of columns, and 
he experimented on the strength of struc 
tural materials. In his notebook entitled 
“Testing the Strength of Iron Wires of 
Various Lengths,” he sketched a testing 
machine used by him in finding the load 
an iron wire can withstand. 


The most important era in the history 
of mechanics is the period between the 
end of the sixteenth and the beginning 
of the seventeenth century, when the 
new science of dynamics, in complete 
contrast with Aristotelian dynamics which 
had prevailed until then, was created. 
This was made possible by the affirma- 
tion in the middle of the sixteenth cen 
turv of the new system of the world (o1 
Copernican system) and by the discovery 
in the period 1609 to 1619 of Kepler's 
famous laws, the combination of which 
brought a turning point, one of the great 
est changes which had occurred in the 
history of scientific thought. 

Of great importance at this time was 
Galileo’s introduction of the scientific 
method based on experiment. Galileo 
Galilei was born in Pisa of Florentine 
parents in 1564 and died in Florence in 
1642. By studying Cardano’s books he 
became ac quainted with Leonardo's work 
in mechanics. Cardano, who lived from 
1501 to 1576, had been professor at the 
University of Padua and had discussed 
mechanics in some of his mathematical 
publications. His presentation of this 
science is very similar to that of Leonardo 
and it is usually assumed that Cardano 
had access to Leonardo’s manuscripts 
and notebooks 

Galileo was appointed professor of 
mathematics at the University of Pisa in 
1589 when he was only twenty-five vears 
old. From Pisa’s famous leaning towei 
Galileo made his experiments on talling 
bodies. While at Pisa he wrote De Motu 
Gravium (on the motion of heavy bod 
ies). This treatise is the first on modern 


MECHANICS TEACHING IN ITALY 613 


dynamics. Galileo’s results, based on ex- 
periments, were in complete disagree- 
ment with those of Aristotelian mechanics 
which had been accepted until then. Ga- 
lileo did not hesitate to confute the re- 
sults of the representatives of the Aristo- 
telian school which were supported by 
the Church. This made life difficult for 
Galileo in Pisa and he left Pisa for Flor- 
ence. At that time the chair of mathe- 
matics at the University of Padua had 
become vacant and Galileo was appointed 
to it. On December 7, 1592, Galileo de- 
livered his first lecture at Padua, for 
which we are told “he won the greatest 
admiration, not only for his profound 
knowledge, but for his eloquence and 
elegance of diction.” Galileo’s fame as a 
lecturer spread and students from many 
European countries came to Padua to at- 
tend his lectures. The crowd which 
heard him was so great that a hall capa- 
ble of containing 2000 students was used. 
In 1594 Galileo’s famous treatise on me- 
chanics, Della Scienza Meccanica, was 
published. In it the principle of virtual 
displacements is used in discussion of va- 
rious problems of statics. 


At this time Galileo became interested 
in strength of materials and in astron- 
omy. As to the latter, Galileo taught, 
as was the custom in those days, the Pto- 
lemaic system, but in a letter to Kepler 
dated August 4, 1597, he stated, “Many 
years ago I became a convert to the opin- 
ions of Copernicus, and by this theory 
have succeeded in explaining many phe- 
nomena which by the contrary hypothe- 
sis are altogether inexplicable.” 


Galileo was not the original inventor 
of the telescope. It was invented by Jo- 
hannes Lippershey, an optician of Mid- 
dleburg. However, in June, 1609. the 
news of this invention reached Galileo 
who, on the strength of meagre informa- 
tion, was able to build a telescope of his 
own with a magnifying power of 32. Ga- 
lileo was the first man to point a tele- 
scope to the sky and he made a series of 
outstanding astronomical discoveries. For 
example, he proved that the Milky Way 
consists of lesser stars, he described the 


mountainous nature of the moon, and in 
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as the centroid of a segment of a parabo- 
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The Romans, the greatest builders of 
ancient times, learned statics from the 
Greeks and applied their knowledge of 
statics to the art of building. From the 
imposing remains of their construction, 
from the ruins of their bridges, from their 
sculptures in which the most common 
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ancient Romans. The first seven volumes 
of this work deal with construction of 
buildings, the eighth deals with hydrau- 
lics, the ninth with astronomy and the 
tenth with mechanics. This tenth volume 
describes machines used by the Romans 
in peace and in war. 

Most of the knowledge of the Greeks 
and of the Romans was lost during the 
Middle Ages and many centuries passed 
before it was recovered. This rediscov- 
ery of the ancient Greek science occurred 
In the 
Renaissance, Italy became the center of 


in Italy during the Renaissance. 
learning in Europe. It is this period, a 
period of splendor unparalleled in his 
tory, during which some of the greatest 
figures lived: scientists such as Galileo 
Galilei, painters such as Raffaello Sanzio, 
sculptors and architects such as Michel 
angelo Buonarroti. 

Leonardo da Vinci, who lived from 
1452 to 1519, was one of the outstand- 
It is difficult to 
judge if he was greater as an artist, as an 


ing men of this period. 


inventor, as an engineer or as a scientist 
He did not write books, but many of his 
notebooks have reached us. They show 
how deep was his interest in every 
branch of pure and applied science, and 
with what curiosity he investigated every 
aspect of nature. He was _ particularh 
fond of the science of mechanics. In one 
of his notebooks he wrote, “Mechanics is 
the paradise of mathematical sciences 
because here we come to the fruits of 
applied the 
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alyzing various systems of pulleys and 
levers used in hoisting devices, used the 
parallelogram law in composing forces, 
applied the laws of statics in finding the 
forces acting on members of structures. 
Some investigation was made by him 
concerning the strength of columns, and 
he experimented on the strength of struc 
tural materials. In his notebook entitled 
“Testing the Strength of Iron Wires of 
Various Lengths,” he sketched a testing 
machine used by him in finding the load 
an iron wire can withstand 


The most important era in the history 
of mechanics is the period between the 
end of the sixteenth and the beginning 
of the seventeenth century, when the 
new science of dynamics, in complete 
contrast with Aristotelian dynamics which 
had prevailed until then, was created 
This was made possible by the affirma- 
tion in the middle of the sixteenth cen- 
tury of the new system of the world (or 
Copernican system) and by the discovery 
in the period 1609 to 1619 of Kepler's 
famous laws, the combination of which 
brought a turning point, one of the great- 
est changes which had occurred in the 
history of scientific thought. 

Of great importance at this time was 
Galileo's introduction of the scientific 
method based on experiment. Galileo 
Galilei was born in Pisa of Florentine 
parents in 1564 and died in Florence in 
1642. By studying Cardano’s books he 
became acquainted with Leonardo's work 
in mechanics. Cardano, who lived from 
1501 to 1576, had been protessor at the 
University of Padua and had discussed 
mechanics in some of his mathematical 
publications. His presentation of this 
science is very similar to that of Leonardo 
and it is usually assumed that Cardano 
had access to Leonardo’s manuscripts 
and notebooks 


Galileo was appointed professor of 
mathematics at the University of Pisa in 
1589 when he was only twenty-five vears 
old. From Pisa’s famous leaning towe1 
Galileo made his experiments on falling 
bodies. While at Pisa he wrote De Motu 
Gravium (on the motion of heavv bod 
ies). This treatise is the first on modern 
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dynamics. Galileo’s results, based on ex- 
periments, were in complete disagree- 
ment with those of Aristotelian mechanics 
which had been accepted until then. Ga- 
lileo did not hesitate to confute the re- 
sults of the representatives of the Aristo- 
telian school which were supported by 
the Church. This made life difficult for 
Galileo in Pisa and he left Pisa for Flor- 
ence. At that time the chair of mathe- 
matics at the University of Padua had 
become vacant and Galileo was appointed 
to it. On December 7, 1592, Galileo de- 
livered his first lecture at Padua, for 
which we are told “he won the greatest 
admiration, not only for his profound 
knowledge, but for his eloquence and 
elegance of diction.” Galileo’s fame as a 
lecturer spread and students from many 
European countries came to Padua to at- 
tend his lectures. The crowd which 
heard him was so great that a hall capa- 
ble of containing 2000 students was used. 
In 1594 Galileo’s famous treatise on me- 
chanics, Della Scienza Meccanica, was 
published. In it the principle of virtual 
displacements is used in discussion of va- 
rious problems of statics. 


At this time Galileo became interested 
in strength of materials and in astron- 
omy. As to the latter, Galileo taught, 
as was the custom in those days, the Pto- 
lemaic system, but in a letter to Kepler 
dated August 4, 1597, he stated, “Many 
years ago I became a convert to the opin- 
ions of Copernicus, and by this theory 
have succeeded in explaining many phe- 
nomena which by the contrary hypothe- 
sis are altogether inexplicable.” 


Galileo was not the original inventor 
of the telescope. It was invented by Jo- 
hannes Lippershey, an optician of Mid- 
dleburg. However, in June, 1609, the 
news of this invention reached Galileo 
who, on the strength of meagre informa- 
tion, was able to build a telescope of his 
own with a magnifying power of 32. Ga- 
lileo was the first man to point a tele- 
scope to the sky and he made a series of 
outstanding astronomical discoveries. For 
example, he proved that the Milky Way 
consists of lesser stars, he described the 


mountainous nature of the moon, and in 
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January, 1610, he was the first to see Ju- 
piter’s satellites. This last discovery was 
a powerful argument in favor of the Co- 
pernican theory. 

In September, 1610, Galileo left Padua 
for Florence, where he had become “Phi- 
losopher and Mathematician Extraordi- 
nary” to the Grand Duke of Tuscany. In 
the last eight years of his life, when he 
was living in seclusion in his villa at 
Arcetri near Florence, having been con- 
demned by the Tribunal of the Inquisi- 
tion, he wrote his famous book entitled 
Two New Sciences. In it the results of all 
his previous works in the field of mechan- 
ics are recapitulated. A portion of the 
book, dealing with the mechanical prop- 
erties of structural materials and with the 
strength of beams, constitutes the first 
publication in the field of strength of ma- 
terials. 

Among the most famous pupils of Ga- 
lileo were Evangelista Torricelli and Bon- 
aventura Cavalieri. Besides being  re- 
membered for their contributions in the 
field of mechanics, they are remembered 
as being among the creators of integral 
calculus. 

The outstanding mathematician of the 
eighteenth century was Luigi Lagrange 
He was born in Turin in 1736. At the 
age of nineteen he was a professor of 
mathematics at the Royal Artillery School 
in Turin. In 1766, upon the recommen 
dations of Euler and D’Alembert, he was 
nominated to succeed Euler at the Berlin 
Academy. In 1787 Lagrange moved to 
Paris where he taught at the Ecole Poly 
technique. Lagrange’s great work in me 
chanics, Mecanique Analytique, was first 
published in Paris in 1788, a hundred 
years after publication of Newton’s Prin- 
cipia. In the preface of his book La- 
grange states, “The methods which I pre 
sent here do not require either construc- 
tions or reasonings of geometrical or 
mechanical nature, but only algebraic 
operations proceeding after a regular and 
uniform plan. Those who love the an 
alysis will see with pleasure mechanics 
made a branch of it and will be grateful 
to me for having thus extended its do- 
main.” 


In 1861 Italy became an independent 
state. Its creation was accompanied by 
a great fervor in all fields of human en- 
deavor. A particularly important period 
for Italian mathematical sciences started 
Among the most eminent mechanicists of 
this period, those whose contributions 
were particularly important in the math- 
ematical theory of elasticity and whose 
names are familiar to all of us who teach 
mechanics, were: Almansi, Beltrami. 
Betti, Castigliano, Cerruti, Cesaro, Lauri- 
cella, Somigliana, Tedone.  Especiall 
famous among contemporary _ Italian 
mathematicians was Tullio Levi-Civita 
professor of mechanics at the University 
of Padua and later at the University of 
Rome. Levi-Civita, who died in 1941, 
left many outstanding contributions. in 
pure and applied mathematics. However, 
the work for which his name remains fa- 
mous was the creation, in collaboration 
with Ricci, of the absolute differential 
calculus. It provided Albert Einstein 
with the mathematical tool for his theory 
of relativity. Levi-Civita was one of the 
founders of relativistic mechanics which 
produced a revolution in all fields of 
science, which revolution can be com- 
pared to the change in scientific thought 
produced by Galileo’s discoveries. 

Now, before discussing the teaching of 
modern mechanics in Italian universi 
ties, I want to mention that in Italy today 
one enters the university after five years 
of elementary school plus eight years of 
Ginnasio and Liceo, that is, secondary 
schooling. Two systems of Ginnasio- 
Liceo exist: the classical system in which 
emphasis is given to classical studies 
that is, Latin and Greek, and the scien 
tific system in which emphasis is given 
to the study of the physical sciences as 
well as modern languages, plus Latin. At 
the end of the Ginnasio-Liceo or second 
ary schooling there is a very severe and 
selective state examination. 

The engineering studies at the univer- 
sity level in Italy cover a period of five 
vears, following which the degree of 
Doctor of Engineering is awarded in nine 


fields of engineering: 
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1) civil engineering, with the follow- 
ing subsections: building, hydrau 
lics and transportation; 


to 


mechanical engineering; 


electrical engineering; 


— CW 


chemical engineering; 


aeronautical engineering; 


ut 


6) electronic engineering; 


7) mining engineering; 

8) shipbuilding engineering; 

9) nuclear engineering. 

Of the five years of engineering study, 
the first two are preparatory in character 
and include the following fundamental 
compulsory courses for every type of en 
gineering student: 

First year: 

1) Mathematical Analysis | 

2) Geometry I 

3) Physics | 

4) Chemistry 

5) Drawing 
Second vear: 

1) Mathematical Analysis I 

2) Geometry I 

3) Rational Mechanics with Graphi 
Statics and Drawing 
1) Physics I] 


Since the mathematical preparation in 
the high school in Italy is generally con 
siderably higher than the corresponding 
mathematical preparation in the United 
States, many of the mathematical courses 
given in the first two years at universi 
ties in Italy correspond to mathematical 
courses given at the senior and graduate 
level in universities in the United States 
These courses in mathematics at an Ital 
jan university are generally taught by 
mathematicians from the faculty — of 
science of the university and are attended 
also by science students. 

There is concentration on practical ap 
plication in the last three vears of engi 
neering study in Italy, but each of the 
nine different types of engineering study 
have in common in the third vear two 
2-semester courses: strength of materials 
and mechanics of machines. 

The fundamental teaching of mechan 
ics is given in the second year of the five 
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vears of engineering study in Italy in a 
two-semester course in rational mechan- 
ics and graphic statics composed of four 
hours a week of lectures and four hours 
a week of discussion and problems. The 
outline or content of the Italian course 
on rational or basic mechanics includes: 
introduction to vector theory; kinematics 
of a particle; kinematics of rigid bodies; 
relative motions; kinematics of con- 
strained systems; centroids, moments and 
products of inertia of material bodies; 
statics of rigid systems; graphic statics 
and its engineering applications: the fu- 
nicular polygon, graphical analysis of 
plane trusses; fundamental principles of 
mechanics, work and energy, principle 
of virtual displacements and its applica- 
tions; stable and unstable equilibrium; 
principles of dynamics: Newton's laws, 
D’Alembert’s principle, Euler’s equations, 
gyroscopic holonomic systems, Lagrange’s 
equations, Hamilton's principle; mechan 
ics of continuous systems; mechanical si- 
militude. 


The course on rational or basic me 
chanics in Italy covers the undergraduate 
courses in statics and dynamics plus in 
termediate and advanced dynamics in 
universities in general in the United 
States. The content of the Italian course 
corresponds to the content of the text 
book, Engineering Mechanics, by Timo 
shenko and Young, plus the content of 
their textbook, Advanced Dynamics. This 
course on rational or basic mechanics in 
Italy has been taught to engineering stu 
dents by eminent Italian mathematicians 
such as Levi-Civita, Somigliana, Cer- 
ruti, Almansi, Tedone. Excellent Italian 
textbooks on rational mechanics exist, the 
best-known being the one by Tullio Levi 
Civita and Ugo Amaldi. 


The course in strength of materials in 
Italy 
with three hours a week of lectures and 


s also a two-semester course, but 


three hours a week devoted to discussion 
and problems. The Italian course in 
strength of materials corresponds to 
courses in the United States in strength 
of materials given at undergraduate as 
well as graduate levels. The content of 


the Italian course covers material as pre 








sented, for example, in Timoshenko’s 
textbooks entitled Strength of Materials, 
Volume I, plus part of Volume II. Among 
the best Italian textbooks on strength of 
materials is one by the late Professor 
Odone Belluzzi of the University of Bo- 
logna. This textbook is quite well-known 
here in the United States. 

The course in mechanics of machines 
in Italy is also a two-semester course, but 
with three hours a week of lectures and 
four hours a week of discussion and prob- 
lems. Its content covers the content of 
courses in the United States in linkage 
synthesis, dynamics of machinery and 
mechanical vibrations. 

In concluding this brief review of the 
teaching of mechanics in Italy, I want to 
give special emphasis to the fact that, in 
addition to the high standard of instruc- 
tion at high school level in Italy, there is 
an especially high standard of instruction 
in the engineering courses in the first two 
years in Italian universities, during which 
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time engineering students acquire addi- 
tional basic knowledge in science which 
they apply in the subsequent three years 
I want also to point out that the lecture 
system is always used in the teaching of 
the fundamental courses in Italian uni- 
versities. The professor (and there is 
only one full professor for each funda- 
mental course taught) gives rather for- 
mal three or four lectures a week to a 
large audience of students. In some of 
the large Italian universities more than 
300 students attend the general lectures. 
which are usually given in the morning 
The discussion or recitation periods are 
usually in the afternoon, and in these pe 
riods small groups of students are taught 
by young assistants. 

This presentation has covered, in a gen 
eral way, the subject of mechanics teach- 
ing in Italy, and has given some compari 
son between it and the teaching of me- 
chanics in universities in the United 
States. 


IRE MEMBERS CALL CONVENTION RECRUITING BAN 
“IMPRACTICAL” 


Engineers and scientists are virtually unanimous in their belief that it is com 
pletely impractical to ban recruiting activities from technical conventions. This is one 
of the points brought out in a survey of IRE members on the ethics and practices 
of convention recruiting conducted by the research department of Careers Incor- 
porated. 

Eighty-six per cent of the 116 respondents to a cross-section sampling of en 
gineers answered “no” to the question, “Is it feasible to ban recruiting from technical 
conventions.” Nearly half, however, (47%), felt that recruiting activities should be 
conducted from one central location. 

Many of the comments on feasibilityxpointed out that obvious recruiting at ex- 
hibits or on the convention floor could be banned. Others, commenting on the 
question of desirability, felt that a convention recruiting ban is neither feasible nor 
desirable; they suggested that it is like “putting a ban on free speech.” Others pointed 
out that recruiting at technical conventions deals with “a perimeter activity over 
which no one can or should have control.” 


Among those favoring a central clearing house type of operation, comments stated 
that such a method would make the recruiting function “more efficient” and “above- 
board.” Others were opposed to one central recruiting location, labeling it “too 
public” or “too much like flesh-peddling.” 
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On Impulsive Motion in Rigid-Body Mechanics 


CARL GRUBIN 


Research Scientist 
Northrop Space Laboratories 
Palos Verdes Estates, California 


Lecturer in Engineering, West Coast University 


Summary and Introduction 


We examine the change in motion 
of a rigid body moving in a plane 
which is struck an impulsive blow at 
an arbitrary point in the body. In 
particular, we shall determine the 1m 
pulsive change in the angular velocity, 
and in the linear velocity of any other 
point in the body in terms of the veloc 
ty change at the point which is struck. 
The results here can be extended to the 
three-dimensional case without diff 
culty, but the two-dimensional case 
seems sufficiently interesting and use 
ful to be presented on its own. The 
stimulus for this paper was an earlier 
publication by Osborn on an interest 
ing property of the center of percus 


sion.! 


Analysis 


Figure 1 shows the body in planar 


} 


motion immediately preceding and 
following application of the impulsive 
force at point O. Symbols V,— and 
V,, are the linear velocities of point O, 
while @ and @, are the angular ve 
locities of the body before and after 
the blow. Position vector fF locates the 
mass center with respect to O. 

To determine the motion after the 
blow, introduce a generalized angula1 
momentum equation 

a ¥ 
MM H ae: l 

Joseph C. Osborn, “Further Property of 
the Center of Percussion,” JOURNAL OF EN- 
GINEERING EpucaTIoNn, Vol. 51, No. 3 ( Dec 
1960), pp. 239-240 

* Carl Grubin, “On Generalization of the 
Angular Momentum Equation,” JOURNAL OF 
ENGINEERING Epucation, Vol. 51, No. 3 
(Dec. 1960), pp. 237-238, 255 


where M, H, S are the external mo 
ment, relative angular momentum, and 
first mass moment of the system, all 
with respect to an arbitrary origin 
moving in an arbitrary manner, and 4 
is the inertial acceleration of the origin. 
Use Equation (1) with point O as the 
origin; integrate with respect to time 
across the impulse and let the impul- 
sive time approach zero. Then, since 
M, 0, and S, mr 1s continuous 
because the position of the body does 
not change 


0 = AH, + § x AV, 2 
where » = 

AH, Pan H, 

AV, = V, \ 


For the assumed two-dimensional mo- 
tion, the relative angular momentum 
with respect to the moving point O is 
always given by 
H, = lo 3) 
where I, = the moment of inertia 
about the axis through O. Substitut- 
ing (3) in (2), the angular velocity 
change follows as 
w w Aw AY. S¢S)/E 
4 
To find the linear velocity change at 
any point P located by p with respect 
to O, as in Figure 1, use the relation 


V, V2 @ & p 5) 


o— 


so that 
AV, = AV, + 4a Xp (6) 
and substituting for A® and rearrang- 
ing 
AV, = [1 — (p-° 5.) /1]4V. 
p - AV.) /Io] S, (7) 
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Equations (4) and (7) are the princi 
pal results of the analysis; they yield 
the change in the angular velocity, and 
the change in the linear velocity of any 


point in the body, directly in terms of 


the velocity change at the struck 
point. It is not necessary to work 
through the mass center of the body. 


As a special case, if P is the center 


of percussion relative to O, then given 
m, r, and I, 
So = an (mr) é, 
= unit vector from O to P. 
(8) 


p = (I,/mr) é, 
Ce 


Substituting (8) in (7) the first term 
vanishes and the second vields 





(a) Before force 
application 


Figure | 
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AV, = é, (é, - AV.) y 


Equation (9) incorporates Professor 
Osborn’s result that the velocity 
change perpendicular to €&) 1s zero. 
Only the velocity component along 
the line joining O and P can change, 
and that by the projection ot AV, 
along this line. 

As a second special Case, If point P 
is the mass center, then p r, and 


using I, I. + mr’ (parallel axis 


theorem), Equation yields 
AV. (I./I,) AV, 
+ (1—I./Io) (Ep * AV.) &, 10 


Thus the impulsive force at point O 
must have been the vector mAY,. 





(b) After force 
application 


Impulsive Force Applied at Point 0 
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An Experiment in Study Environment 


Does Supervised Study Pay Off? 


ARCHIE HIGDON 

Colonel, USAF, Professor and Head 
Department of Mechanics, 

U. S. Air Force Academy 


PHILIP J. ERDLE 


Captain, USAF, Assistant Professor of Mechanic 


U. §. Air Force Academy 


The Department of Mechanics of the 
U. S. Air Force Academy recently com 
pleted an experiment comparing study 
environment and the academic achieve 
ments of a selected group of « adet second 
classmen (juniors) in an undergraduate 
engineering mechanics course. Colonel 
Archie Higdon, Head of Department, 
conceived the method of evaluating any 
advantageous factors resulting from a 
program of instructor-supervised study 
periods. With the approval and encou 
agement of the Dean of the Faculty 
Brigadier General Robert F. McDermott 
192 cadets were divided equally into ex 
perimental and control groups. The 
groups were balanced in ability on the 
basis of a wealth of statistical data in 
order to have a valid measurement of 
learning achievement in this course 


To fully appreciate the basis on which 
the experiment was conducted, one must 
have some familiarity with instructional 
methods employed by the Air Force 
Academy. Unlike most engineering col 
leges, the Academy does not use the lec 
ture as the primary instructional vehicle 
of idea transmission. The cadets are re 
quired to participate actively in each 
class, and in the particular case of the 
applied sciences, each cadet 1S required 


ALTON H. QUANBECK 
Major, USAF, Associate Professor 
of Mechanics, 

U. S. Air Force Academy 


s, 


to work several typical problems during 
a daily blackboard drill. In addition, he 
usually is required to demonstrate his 
understanding of the lesson through a 
daily graded recitation which he writes 
at the end of the class period. For each 
of the class periods, the cadets’ schedule 
provides a study period of 90 minutes 
Che allotment of each day’s time is ne- 
cessitated by the myriad activities in 
which a cadet must participate. The aca- 
demic and military time allotments are 
closely monitored by both the Dean of 
the Faculty and the Commandant of Ca- 
dets to prevent the cadets’ already im- 
posing daily work load from becoming 
an impossible one. 

On the basis of the preceding brief de- 
scription of the instructional methods 
employed in the Academy’s applied sci- 
ence courses, it is not difficult to imagine 
the tremendous number of individual 
grades which are obtained on each cadet. 
and the equally impressive number of 
cross references available after two years 
of his collegiate academic efforts. By 
programming these statistical data on a 
computer, two groups of 96 cadets were 
chosen on the basis of almost equal abil- 
ity in the basic and applied sciences. 
lable 1 is an excellent indication of the 
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TABLE | 


Control Group (Nr. 96 


Mean Std Dev Mean Std Dev 

Sci. *GPA—3d Class Year 2.69 65 2.67 ( 
Cum. GPA—3d Class Year 2.69 52 fe ip 5] 
Acad. Average—4th Class Year 81.35 4.06 82.09 4.35 
Extra-Curr. Act—2d Class Year 482 40 1.07 477.12 69 
Nr. with Extra Flecrive 3] 9 

*GPA—Grade Point Average. 

°°F xtra Elective—A course carried in addition to prescribed curriculum 


close correlation of previously demon 
strated ability in these sciences as well 
as the cadets’ entire curriculum. 

The Director of Evaluation equated 
not only the academic averages shown in 
Table 1 for the entire group, but divided 
the 96 cadets of each group into sub- 
groups whose indicated abilities were 
further equated. It is interesting to note 
that even extracurricular activities were 
considered in equating group ability. 
This was done by using a standard score 
based upon the cadets’ participation in 
military duties (such as Cadet Com- 
mand), athletics, debating team, and 
cadet clubs (language, mathematics, 
etc). In addition, all of the cadets par 
ticipating in the experiment were ap- 
proximately the same age and had almost 
identical academic experience. Various 
significance tests substantiated what the 
overwhelming weight of statistical evi 
dence indicated, i.e, the probability of 
the experimental group, control group, 
and matched subgroups having other 
than almost equal academic abilities was 
negligible. In fact, there were no statis- 
tically significant differences between any 
of the matches of the many variables. 

One ot Colonel Higdon’s expressed 
purposes in this experiment was a com 
parison of the effects of study environ- 
ments as well as a search for a more ef 
fective means of teaching a problem type 
course. The Scheduling Office arranged 
for one group of 96 cadets to attend Me 
chanics 331 (an accelerated statics and 


dynamics course) for a one hour and 50 


minute period instead of the usual 55 
minutes. The cadets in this experimental 
group were divided into seven section: 
of approximately fourteen students in 
each. They were permitted to leave their 
text and notebooks in their classrooms 
and no outside study was required of 
them. Instead, the cadets in these experi 
mental sections accomplished their lesson 
preparation during the first 55 minutes 
of the double period and after a five min 
ute break, a normal class period would 
follow. The significant environmental 
change was the presence of an instructor 
during the study period, who would be 
available to answer questions for the stu 
dents at any time during this period. The 
same instructor taught the normal class 
period as well as a comparable number 
of control sections. An estimate of many 
experienced educators was that this 
“available consultant” would prove to be 
a singular advantage to the students in 
the experimental group 

Only one minor change was added to 
the routine of the cadets in the control 
sections which were taught by the same 
instructors selected for the experimental 
sections. Each student assigned to this 
control group was requested to record 
accurately his outside study time per les 
son, and report these times to his instruc- 
tor at the semester quarter points. This 
allowed a comparison of actual study 
times, as well as the performances of the 
experimental and control groups who 


wrote thirty identical examinations 
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AN EXPERIMENT IN STUDY 


May, 1962 


Progress of Experiment 


Although the individuals selected to 
participate in the program were not vol 
unteers, the instructors noted early in the 
course of the experiment that the stu- 
dents did not object to acting as statis- 
tical samples, but greeted the exercise 
with reactions ranging from interest and 
enthusiasm to indifference and resigna 
tion. An enhancing side effect was the 
spirit of competition generated between 
the two groups of cadets. The consist- 
ency with which the students in the con 
trol group reported their outside study 
time was gratifying. As the course pro 
gressed, some students in the experimen 
tal classes found it necessary to devote 
outside study time, especially before the 
quarterly examinations (graded reviews 
and the final examination 
were also asked to report this additional 


These cadets 


study time. 

Initially, the conduct of the 55 minute 
study period for the experimental group 
consisted of the instructor’s answering 
specific student questions. As the stu 
dents encountered more difficult material, 
it frequently became necessary, because 
of the increased number and similarity 
of the questions, for the teacher to briefly 
explain or demonstrate certain difficult 
aspects of the lesson during this study 
period. Only in rare instances, however, 
was it essential to spend more than five 


minutes in group discussion 


Results 


\ comparison of the average study 
time per lesson of each group is shown 
in Table 2. It reveals that the study 
time for both the experimental and con 
trol group was almost identical for each 
It should be 
noted that the time reported for the ex 


quarterly period reported. 


perimental group includes the 55 minutes 
of supervised study time in the classroom. 

Table 3 shows the raw score averages 
achieved on daily examinations for each 
group. These grades are averages for 


quarterly periods, and the cumulative 
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TABLE 2 


Stupy Time (MINUTES PER LESSON 


Experimental Control 
Ist Quarter 68 67 
2d Quarter 67 72 
3d Quarter 72 69 
teh Cinnaies 69 65 
() 9 0 68.3 


daily average is the weighted average for 
the entire semester. The first quarter 
covered equilibrium problems in statics; 
the second quarter included static fric- 
tion problems and kinematics; and the 
third and fourth quarters consisted of ki- 
netics, with emphasis on force-mass-ac- 
work-energy 


celeration problems, and 


problems. 





TABLe 3 
Raw Score AVERAGES ON Datity EXAMINATIONS 
Daily Experimental Control 
Nr. 96 Nr. 96 
84.1 81.6 
a 80.0 
81.3 80.3 
4th Quarter 76. 76.9 
Overall daily 
average 82.0 79.9 


Comparative average scores of the 


quarterly comprehensive examinations 


referred to as graded reviews) are 
shown in Table 4 with the cumulative 


semester average for these examinations. 

Table 5 summarizes the raw scores for 
The daily grade aver- 
age and the graded review average are 


the two groups. 


reproduced from Tables 3 and 4, respec- 
tively 
averages for the final examination, depict 


Che scores, representing the group 


an average for only part of the entire 
group, since it is the policy of the De- 


partment Head to excuse outstanding 
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TABLE 4 


ComMPARATIVE AVERAGE SCORES OF QUARTERLY 
COMPREHENSIVE EXAMINATIONS (GRADED 


REvIEWS 
Graded Experimental Control 
Reviews Nr. 96 Nr. 96 
Ist Quarter 69.8 70.5 
2d Quarter 83.4 79 9 
3d Quarter 64.1 63.6 
4th Quarter 76.3 76.6 
Overall GR 
average 73.4 2.0 
TABLE 5 


SUMMARY OF Raw Scores 


Experimental Control 
Nr. 96 Nr. 96 
Final 
Examination 74.8 75.3 
Nr. Cadets 
Excused 46 48 
Course Aver 
age 78.0 76.9 
Standard 
Deviation 
tor Course 22 6.4 


students (those maintaining an A or high 
B average) from the final examination. 
The course average is the cumulative 
score of the daily grades, graded review, 
and final examination averages, each of 
which was given equal weight. 

The distribution of letter grades as- 
signed at the conclusion of the course is 
illustrated in Table 6. 


TABLE 6 


DisTRIBUTION OF FINAL Letrer GRADES 


Grades) Number Per Number Per 
Exp. Cent (Control Cent 

4 23 24.0 23 24.0 

B 33 34.3 39 40.6 

¢ 34 35.4 25 26.0 
D 4 4.2 6 6.3 
F 2 2.1 3 204 


Conclusion 


The lack of anv significant differences 
in the study time averages in Table 2 
suggest that both groups found it neces 
sary to spend an essentially equal amount 
of time to master any particular lesson 
The presence of the instructor during the 
experimental group’s study period had 
no apparent effect in reducing required 
study time. 


The early trend in daily averages (Ta 
ble 3) indicated a marked advantage fo) 
the experimental group which was. in 
consonance with the predictions ot most 
However, as the 
students encountered the more difficult 


qualified observers. 


phases of the course in kinetics, this 
trend showed a surprising reversal Ap 
parently no advantage accrued to the 
experimental sections during the more 
difficult lessons. 


A somewhat similar trend is observed 
from the chart of graded review averages 
(Table 4) which would lead to parallel 
conclusions. Of even greater significance 
is the superior achievement of the con 
trol group as compared to the experi- 
mental group in the all-important, heay 
ily weighted final examination. The au 
thors thus conclude that the latter com- 
parison is simply a substantiation of the 
widely accepted maxim, i.e., the student 
who “digs out” the material for himself 
will generally experience far better re 
tention. 


The distribution of final letter grades 
(Table 6) further demonstrates the close- 
ness of the final achievements of the two 
groups. 


A survey of student reaction at the 
termination of the program revealed not 
a variety of opinions, but rather two ma- 
jor opinions of opposite extremes. To 
verify these student reactions, the experi 
mental program of supervised study was 
offered as an available option in the fol 
lowing semester's required mechanics 
course. Of the entire class of 435. stu 
dents, less than 15 per cent elected the 
supervised study plan. One of the pos- 
sible disadvantages, especially to weaker 


students, is the false sense of security 
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gained in his study period with an in- 
structor when additional outside study 
time may have been actually required. 
The summary conclusion of the au- 
thors is that no real advantages accrued 
to the experimental group. This further 
indicates that supervised study in this en 
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vironment, especially when weighed 
against the increased workload imposed 
on the department staff, is not of great 
practical value. The omnipresent indi- 
vidual exceptions must not be dis- 
counted; however, the group benefits of 
the supervised study were negligible. 





HALL DIRECTOR ON COMMISSION ON ENGINEERING 
EDUCATION 


Paul F. Chenea of Purdue University, Chairman of the Commission on Engineer- 
ing Education, announces the appointment of Newman A. Hall as full-time Executive 
Director for the Commission. A grant has been made by the National Science Founda- 
tion to initiate Commission activities. Dr. Hall has been Chairman of the Department 
of Mechanical Engineering at Yale for the past six years and previously was Pro- 
fessor of Mechanical Engineering at the University of Minnesota. He is the author 
of two textbooks on thermodynamics and has done research in thermodynamics, fluid 
mechanics and combustion. During the past two years he has served as Vice President 
for Instructional Divisions of ASEE, as Chairman of the Education and Accreditation 
Committee of ECPD, and as Chairman of the ASME Board on Education. 

Phe Commission intends to have its program of activities, implementing the 
recommendations of the Boulder Conference on Engineering Education of August 
1961, well under way in the near future. A close working contact will be maintained 
with ASEE through the President, who is an ex officio member of the Commission. 
and through the Executive Director and several other Commission members who are 
past officers of ASEE 

Since the Boulder Conference, several meetings of the Commission have been 
held to complete its organization and to establish working policies. Members of the 
Commission Executive Committee are: Chairman, P. F. Chenea: Vice Chairman, 
F. C. Lindvall; Secretary, D. L. Katz; Gordon S. Brown; and Ed E. David. Other 
Commission members are: R. W. Van Houten, President, ASEE, ex officio; Ralph A. 
Morgen, President, ECPD, ex officio; W. Bollay, W. L. Everitt, J. S. MeNown, N. M 
Newmark, W. Pickering, B. R. Teare, Jr., R. R. White, N. J. Holloman. 








Engineering Conference Report 
based on 
Meeting held at Boulder, Colorado, August 9-15, 1961 


ABSTRACT 

Eleven engineering educators, initially convened by the National Science Founda- 
tion in February, 1961, planned a one-week conference at the University of Colorado 
in August. An assembly of 42 persons was asked to define the present and future 
needs of engineering education and to suggest ways of fulfilling them at the national 
level. The conference was originally organized to study five topics: — engineering 
science; analysis, design, and experimentation; faculty development; educational en 
vironment; and the teaching-learning processes. The format of the following report, 
however, is organized in accordance with the way discussions evolved at. this 
conference. Following the panel work and discussions, the conference elected a 
“Commission of Engineering Education,” and charged this commission with the re 
sponsibility for developing a plan to implement a series of recommendations. 

This report sets forth a summary of the needs and aspirations for engineering 
education as viewed by the conferees; it is both the transactions of the conference 
and a charge to the Commission. 


TABLE OF CONTENTS 
Abstract 
Introduction 
Proposal for a Commission 
The Present Situation and Future Needs 
Areas in Engineering Education which Require Development on a 
National Scale 
I. An Increase in the Number of Qualified Faculty 


II. Production, Distribution and Sponsorship of Instructional 
Learning Materials 
III. Course Content Analysis 
IV. Inclusion of Scientific and Technological Advances in 
Educational Programs 
A. Examples of New Fields 
1. Design Procedures 
Energy Conversion Methods 
Plasmas 
Biological and Medical Science 
Utilization of Modern Physics 
6. Psychological Science 
Computer Science and Information Technology 
8. Finite Mathematics 
9. Molecular Electronics 
10. Environmental Engineering 
B. Methods of Procedure 
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V. Design and Experimentation Needs in Engineering 


A. Engineering Design 


B. The Use of Analysis by Engineers 
C. The Importance of Experiment 
D. The Engineering Faculty in Design 


E. Recommendations 


VI. Attracting, Selecting and Counseling of Students 
A. Clarification of the Image of Engineering 
B. Attracting Qualified Students to Engineering Careers 


C. Counseling 


VII. The Learning Process 


A. Implementing the Science of Learning 

B. Neurotogenic Factors in Engineering Education 

C. Learning to Learn Effectively 

D. Research and Development of Designed, Sequenced 
and Tested Learning Materials and Programmed 
Texts for Autonomous (Self) Learning 

E. Testing, Evaluation and Problem Solving 


EF. Other Topics 


VIII. Problems Associated with the Specific Role of Engineering 


in a University 


Appendix A. 
Appendix B. 


Introduction 


Engineering education in the years 
ahead is faced with a number of critical 
problems, among which are the increase 
in the level of sophistication and the 
changing nature of the professional sci 
ences, the rate at which laboratory and 
teaching facilities become obsolete, the 
inadequate supply of qualified young en 
gineering faculty, the predicted need for 
engineering graduates at the doctorate 
level which far exceeds the capabilities 
of the educational institutions to furnish 
them, and the lack of a significant na 
tional effort to cope with these problems 


Because of the scope and importance 
of these problems, the National Science 
Foundation invited a group of engineer 
ing educators to consider them. Two 
meetings of this group led to a larger 
meeting at Boulder, Colorado, during 
August 9-15, 1961.! The purpose of the 
conterence was to consider the problems 
and devise means for their solution on a 
national scale. After much study and de 


‘The background, program and _ partici 
pants of the conference are in Appendix A 


Charge to the Commission 


Historical Note on Background, Program and 
Participants in Conference 


bate, the conferees outlined important 
problems that must be solved, and pro- 
posed a national commission as an in- 
strument for their solution. 


Proposal for a Commission 

Che conference proposed that a “Com- 
mission on Engineering Education” be 
established. This commission is charged 
with finding wavs to develop, in a bal- 
anced manner, four areas: 

1. Effective programs for faculty de- 
a) knowledge of the fields, 
research capability and involvement, 


velopment in ( 
} 


c) the processes of instructing and learn 


ing relative to engineering education 

2. Curricula and facilities and their 
systematic reorganization and develop- 
ment, 

3. Preparation, production, and _test- 
ing of instructional-learning materials of 
high quality and proven effectiveness 

4. Studies of the characteristics of en- 
gineering students to serve as a basis for 
a) the improvement of instruction, (b 
the assessments of the results of engineer- 
ing education, and (c) an increase in the 
efficiency of the educational process 
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It was envisioned that the commission 
would seek the points of view of all 
groups interested in the future of en- 
gineering education and would establish 
a collaborative effort supported by uni- 
versities and colleges, engineering socie- 
ties, industry, and governmental agencies. 

Because the commission is to concern 
itself with the total problem of the en 
hancement of engineering education at 
the college level, it must consider all the 
aspects of the problem—the teacher, the 
student, the methodologies, the course 
content, the facilities, the academic pol- 
icies of institutions, and so on. Each en 
gineering school is expected to design its 
own programs and environment in ac- 
cordance with the capabilities of its stu 
dents, its locale, its facilities, its faculty 
and its objectives. Nothing in this report 
should be construed as encouraging uni 
formity in the various ways by which the 
schools achieve excellence. The areas re 
quiring attention and the actions sug 
gested are discussed in some detail. <A 
specific resolution on commission respon- 
sibilities as passed by the conference is 
given in Appendix B. 


The Present Situation and Future Needs 

The present situation in engineering 
education is believed to require national 
action on a broad front because: 

l. The advances in the sciences and 
in related technology are so rapid that 
engineering faculties have difficulty keep 
ing abreast of them and incorporating 
them in their courses. Engineering 
schools need help in devising new ele 
ments for the environment which will 
assist the faculty in coping with the 
situation 

2. Undergraduate engineering pro 
grams must be changed to match the 
better preparation of the incoming stu 
dent. In particular, the scientific and 
mathematical portions of secondary 
school curricula are improving rapidly. 

3. Not only has the total engineer 
ing enrollment been decreasing in recent 
vears, but what is even more serious, 
engineering schools are not obtaining an 
adequate share of superior high school 
students. 
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4. Far too many top engineering stu 
dents are completing their formal educa- 
tion at the baccalaureate level instead of 
continuing on to graduate study. 


5. The number of doctorates awarded 
in engineering is not increasing at a rate 
sufficient to meet needs. 

6. The supply of young engineering 
faculty with superior qualifications is in 
adequate, partly because the environ- 
ments of many schools are insufficiently 
attractive. 

7. With noteworthy exceptions, mod- 
ern educational techniques such as pro 
grammed learning, films and _ television 
have not found their way into the en 


gineering curricula. 


8. Despite some marked advances, 
much of engineering education has. re- 
mained static in the face of the need to 
challenge the students with modern prob 
lems in research and design. Closely re 
lated is the lack of opportunities for 
undergraduate (and in some cases grad 
uate) students to participate in original 


projects. 


9. Aspects of the learning processes 
which are especially important to engi 
neermg are insuffic iently understood, and 
the time has arrived when some engi 
neering teachers must take part in re 


search on learning and teac hing 


10. Long-range planning in engineer 
ing education is deficient both at indi 
vidual institutions and nationwide. Pres 
ent uncoordinated efforts fall short. of 
maximum effectiveness 

In addition to the foregoing points 
the time elapsing between the creation 
of new science and_ its application 1S 
steadily decreasing in response to the 
needs of society, the demands of national 
defense, international competition and in 
ternational cooperation. These pressures 
dictate an increasingly sophisticated and 
expanded engineering profession. In the 
long run, engineering education must be 
the agency to satisfy this demand. Its 
springboard must be engineering fac 
ulties of increased size and greatly in- 
creased quality. The survey of engineer 
ing education made jointly by the Ford 
Foundation and the National Science 
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Foundation estimates 8,000 new faculty 
will be required before 1970 to hold en- 
gineering at its expected level relative 
to other disciplines. Yet present and ex 
pected rates of production of doctoral 
graduates will yield only about the same 
total number in this period and many of 


them will accept positions in industry 


and government where needs are also in 
creasing. Clearly, then, if the situation is 
not corrected, engineering schools will 
be forced to employ teachers whose train 
ing falls short of that deemed essential. 
This difficulty could rapidly become cu 
mulative—demand and supply could di 
verge at an ever increasing rate. A major 
effort to improve the quality and quantity 
of the output of engineering is the only 
means to prevent this spectre from be 
coming a reality. 


Areas Requiring National Attention 


During the week of the conference 
part of the time was devoted to discus 
sions within the group at large and the 
other part to small sub-group study and 
discussions. The effort during the main 
group meeting was devoted to devising 
ways and means of implementing on a 
national level the recommendations of 
this conference and others which will 
subsequently arise, and to listening to 
prepared discussions In the various areas 
of engineering education under study by 
the sub-groups. 

The sub-group studies were aimed at 
isolating the important areas in engineer 
ing education which require attention on 
a national scale. The results of these 
studies, which were not fully discussed 
by the main group because of time limi 
tations, are presented in the following 
section of the report in eight parts. Aside 
from a limited amount of editing, these 
writeups appear as submitted at the end 
of the conference by the sub-groups 


I. An Increase in the Number of 
Qualified Faculty in Engineering 


In the absence of a significant national 
effort to cope with the faculty problem, 
the conference delegates instructed the 
commission to give highest priorities to 
enhancing the capabilities of present fac 
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ulty members and to increasing the num- 
ber of qualified faculty. The following 
recommendation is made to the com- 
mission: 

A. Solicit from all institutions their 
long-range plans for the development of 
faculties, for the provision of better fa- 
cilities, and for other means of educa- 
tional improvement, including faculty 
leaves, intramural development and 
modernized laboratories. Secure esti- 
mates of the cost required to implement 
these plans. 

B. Develop a program to mobilize na 
tional resources to meet the problems of 
“A” which may involve the following: 

|. Specify actions to be supported in 

those instances where the faculty 
development can best be intra- 
mural. 
Specify the responsibilities and 
professional areas of activity of all 
those institutions that will serve as 
hosts to visiting faculty. 


w) 


3. Identify or establish the necessary 
host institutions (universities, in- 
dustries, or national laboratories ) . 

1. Specify procedures and policies to 
be followed by the host institu 
tions to ensure a rewarding expe- 
rience for the visitor. 

5. Investigate the feasibility of coop- 
erative projects among groups of 
schools. 


C. Procure funds for implementing 
“B.” taking into account all costs to the 
institutions concerned and to the indi- 
vidual faculty member. 

A program for extramural professional 
development could well involve five per 
cent of the faculty of the nation (400), 
or even more, at any one time, In pro- 
grams lasting from a summer to a yea 
or more. Intramural programs, confer- 
ences, and workshops, either at inter 
vals throughout the year or for periods 
ot one to three weeks, could engage a 
large fraction of the faculty annually— 
possibly one-fourth or 2,000 teachers 
This combined effort would require a 
budget well in excess of ten million dol- 
lars. In light of the magnitude of the 
figure, the conferees believe that the fi 
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nancing of this essential undertaking 
must be regarded as the greatest single 
need of engineering education and urge 
that prompt and effective actions be 
taken. 

In addition to the assistance for pres- 
ent faculty, an even greater effort is re- 
quired to provide the necessary annual 
input of new faculty. About 1,000 new 
engineering teachers may be needed an- 
nually in the near future. Assuming that 
one-third of the Ph.D. recipients will en- 
ter teaching, we find that 3,000 Ph.D.’s 
should be graduated per year—more than 
three times the current rate. 

How can the number of qualified stu- 
dents be increased? We must identify 
and work with superior undergraduate 
students—the pool from which future 
faculty must come. Not enough is being 
done to interest and encourage these stu- 
dents—at the sophomore or junior level 
—to attain excellence and to undertake 
programs leading toward advanced study 
as preparation for careers in teaching or 
research. Methods are needed to identi- 
fy these potential teachers and to recog- 
nize their achievements. The results 
would be an increase in the number of 
the more capable students who seek mas- 
ters and then doctorate degrees. 

Essential ingredients in any program 
to increase the number of students work 
ing toward the doctorate are adequate 
financial support of the student and ade- 
quate physical facilities. Fellowships, 
teaching assistantships and research as- 
sistantships are the current means of fi- 
nancing graduate students. Projects in- 
volving faculty and students as research 
or engineering teams are excellent ve- 
hicles for education and they provide 
support on an “earned” basis. Govern 
ment and industry should weigh the 
benefits which can be attained by spon- 
sorship of research and_ suitable en- 
gineering projects at engineering schools. 
The growth of national research labora- 
tories without attendant educational ef- 
forts versus added sponsorship of re- 
search at universities should be debated 
as a national issue. 


Without growth in research and design 
activity at engineering schools, the 


needed increase in doctorate study wil] 
not occur. The large sums of money re- 
quired to support doctorate programs 
without the student earning-by-doing 
should emphasize the benefits of placing 
needed research at educational institu- 
tions. Also, fellowships and grants need 
to be expanded to provide for a substan- 
tial fraction of “free lance” research on 
the part of faculty and students. 


II. Production, Distribution and Spon- 
sorship of Educational Materials 


The demands being made on our en- 
gineering schools can only be met by in- 
creasing the efficiency with which every 
instructor employs his time and energy 
Moreover, the teaching-learning process 
should be supported by the tools neces 
sary to make these processes more effec- 
tive than they have been with the tradi- 
tional apparatus of the teacher, the text- 
book, and the blackboard. Among these 
new tools are films, monographs ir 
idly changing technological areas, dem- 
onstration apparatus, laboratory appara 
tus and procedures, and tests for meas 
uring the qualities which the university 


rap 


hopes to develop in its students. 


At a time when rapid changes in sci- 
ence and technology are leading to cur- 
ricular changes at an unprecedented pace 
we cannot afford to duplicate on one cam 
pus after another the effort of searching 
the research literature, of developing ped 
agogical treatments, and of inventing 
demonstrations and laboratory experi- 
ments. A national effort, carried forward 
by highly competent ad hoc groups whose 
results are made available to all institu 
tions, seems to be the best way to mobi 
lize the resources in money and men re 
quired to do the very large job involved 
in production, distribution and use 

The commission shall be charged with 
the task of encouraging, coordinating 
and guiding the development and dis- 
semination of information and materials 
In order that the commission may serve 
as a “nerve center” for these activities, 
it must maintain acquaintance with all 
that is being done and planned along 
these lines including the activities in re- 
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lated areas (mathematics, physics, chem- 
istry, life sciences, etc. ) 


III. Course Content Analysis 


The commission should consider the 
advisability or utility of a central agency 
to collect, store and distribute informa- 
tion on curriculum content which engi- 
neering institutions can use in the design 
of curriculum. The information could be 
classified into postulates, laws, precepts, 
concepts, etc. 

In addition, university and industrial 
research should be analyzed to reveal 
principles coming into engineering use 
but which are not yet included in cur- 
ricula. Such new items should be in- 
fused into undergraduate courses 

In addition to encouraging the anal- 
ysis of technical content, the Commission 
should promote the examination and tab- 
ulation of teaching methodology, depart 
mental organization and philosophy; and 
the rationale around which the curricu- 
lum is developed (e.g., macroscopic ver- 
sus microscopic view of properties of ma 
terials) is important 


IV. Expedite the Adaptation of Scientific 
and Technological Advances into 
Educational Programs 


Scientists and mathematicians are con 
tinuously developing new topics. At 
some point in the development of knowl 
edge on a given topic, it becomes ripe for 
exploitation. Research personnel who try 
to use the concepts of the new topic usu 
ally find that further exploration of the 
principles is needed as well as knowledge 
on specifics. At this stage, these new top- 
ics enter the field of endeavor of the en 
gineering profession. Some topics find 
such general application that all or at 
least manv engineers should become in- 
volved in the exploitation. Such topics 
thus should enter the graduate or unden 
graduate curricula of engineering schools 

With so many discoveries taking place 
today, only a concerted effort can expe- 
dite the translation to educational prac- 
tice of many of these discoveries. A na- 
tional effort is called for if such new top 
ics are to be incorporated into the edu- 
cational program. Some new topics on 


the horizon today will be identified and 
methods of procedure will be mentioned. 

A. Examples of New Fields 

1. Design procedures: The procedures 
of engineering design have been devel- 
oped to a high state of refinement in such 
fields as chemical, aircraft and missile in- 
dustries. These design procedures in- 
clude initially an operational analysis of 
the requirements, a preliminary design 
and feasibility studies of the various al- 
ternatives (including the use of comput- 
ers or model tests where appropriate). 
Detailed design, analysis, and laboratory 
testing then follow. Throughout the de- 
sign procedures imaginative thinking 
curbed by careful analyses of the eco- 
nomic factors is required. Simplified ver- 
sions of these design procedures would 
be useful for instructional purposes, and 
case studies of real engineering problems 
could serve as illustrations. 

2. Energy conversion methods: As 
a result of recent developments in phys- 
ics, a number of new energy conversion 
methods give promise of important new 
engineering applications. The develop- 
ment of semiconductors makes thermo- 
electric devices promising for applica- 
tions such as the utilization of waste 
heat, solar radiation, etc. Photoelectric 
systems are already being used to pro- 
duce power in space, and may, when 
their cost is reduced, find many other 
uses. Fuel cells and both thermionic and 
magnetohyrodynamic systems may aug- 
ment or even replace present power gen- 
erating systems. 

3. Plasmas: During the past decade 
physicists and engineers studying the po- 
tentialities of thermonuclear power gen- 
eration have become involved in the 
problems of containing plasmas and 
controlling their behavior. Also during 
the past decade, engineers and scientists 
have been concerned with the develop- 
ment of engineering materials which 
could resist the erosive action of plasmas 
encountered on the nose of rockets and 
space vehicles, and the methods of influ- 
encing the flow of plasmas by magnetic 
fields. 

1. Biological and medical science: 
Fruitful areas of interaction of engineer- 








630 JOURNAL OF ENGINEERING EDUCATION 


ing with other fields are likely to include 
biology and medicine. The benefits will 
be mutual. Engineers may learn about 
some of the exceedingly efficient tech- 
niques of information storage used in the 
brain, or of pattern recognition and sig- 
nal communication. On the other hand, 
the engineer may provide the biologists 
and medical doctors with knowledge of 
the flow and diffusional processes in the 
body of complex electrical networks 
within the nervous system, of methods 
for performing analyses of the perform- 
ance of the human body, and of me 
chanical or electro-mechanical elements 
for replacing defective components of 
the human body. 

5. Utilization of modern physics: An 
understanding on the part of engineers 
of the probabilistic and wave nature of 
atomic models forms the foundation for 
the utilization of the broad class of cur- 
rent solid-state devices such as the tun 
nel diode, the optical maser and the su 
per-conductive magnet, as well as devices 
we can anticipate in the future. Current 
engineering education is constrained by 
the lack of source materials (in the 
broadest sense) for both faculty and stu 
dents—source materials which present the 
essential concepts of modern physics in 
a manner keyed to engineering, and 
hence, which provide the educational 
means for preparation of the engineer for 
an entirely new technology. 

6. Psychological studies: The im 
portance of the psychology of perception 
in man-machine coupling is an element 
of an important class of systems. Yet lit- 
tle or no mention of man and his char 
acteristics as a system component has en 
tered the curriculum. As engineers be 
come more concerned with complex 
communication systems, computer sys 
tems, data displays, and information sys 
tems, such knowledge becomes crucial. 
Further in the future, the relevance of 
group interaction and group behavior, 
the staples of social psychology, may be 
come important. These will be the basis 
of the design of management and mili- 
tary organizations and of other func- 
tional units composed of many people. 
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7. Computer science and information 
technology: Computers are not mere, 
glorified slide rules. Rather they enable 
engineers to carry out analyses and ex- 
periments of wholly new order. These 
include simulation of complex systems, 
logical processing of real time signals, 
generation of data in unique forms, ete. 
Clearly, the modern engineer must ap- 
preciate the power of machine computa- 
tion if he is to be an effective problem 
solver and designer, and must understand 
the role of the computer in information 
processing systems of all kinds 


8. Mathematics: Mathematical areas 


such as _ statistical decision theory, 
queueing theory, and linear and dynamic 
programming), with the basic topics of 
probability and _ statistics, constitute the 
foundation for engineering systems an 
alysis. The probabilistic models and as 
sociated analytical techniques underlie 
studies of reliability and of highly com 
plex communication and control syste ms 
with the aid of computer models. In 
each of these mathematical areas, a need 
exists for development of the topic with 
in a form appropriate for engineering 
education—a form based on the selection 


of materials for engineering purposes and 


a form correlated with other phases of 
engineering education. Such develop 
ments will contribute directly to the en 
gineering analysis and design of traffic 
control systems, weapon systems, and 
complex industrial systems of process 
control, as well as of such diverse fields 


as economic systems 


9. Molecular electronics: The current 


developments of microminiaturization 
molecular electronics, or micro-electron 
ics, with the evolution of system compo 
nents of a broader versatility and capa 
bility, have a strong impact on tradi 
tional educational sequences such as that 
in circuit analysis and electronics. The 
future roles of both the system and the 
design engineer are modified, with the 
engineer providing the intimate relation 
ship between the mathematics of system 
analysis and the physics of materials 


10. Environmental engineering: The 
technology of treating certain engineer 
ing problems by a total environmental 
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approach Is beginning to emerge as a na 
tionwide, if not an international, need 
The development of the land, air and 
water resources of a region or of an urban 
area to provide optimum conditions in 
such major concerns as transportation, 
water supply and waste disposal systems, 
atmospheric control, land development 
and housing is a systems engineering 
problem of major magnitude and import 
ance. It must be approached as an inte 
disciplinary problem involving economic, 
sociological, political and human factors 
and must be solved by the applic ation of 
mathematical, scientific and engineering 
methods. The encouragement of study 
research programs which recognize this 
emerging technology is urged 
B. Methods of Procedure 


poration of new scientific areas into en 


Che incor 


gineering education can be stimulated 
and guided in a variety of ways. The key 
aspect 1s the need for a truly national 
effort—national both in the decisions in 
volved in guiding the directions of the 
work and in the dissemination and uti 
lization of the products of the creative 
effort. Any marked increase in our pres 
ent rate of progress can be effected only 
if the support (both financial and other 
wise) for such creative efforts of the 
most qualified faculty members is mark 
edly increased, and if a vastly more effi 


s found for dissemination 


cient means 
among faculties of the results of work at 
individual institutions 

One possible method of operation in 
volves the following five steps 

1. Identify a particular competent 
group leader who wishes to study an ap 
propriate subject at a given school 

2. Surround him with interesting and 
capable men recruited from several dis 
ciplines and schools, making a team of 
tour to eight professional persons; add 
several advanced students as assistants. 

3. Study the topic to understand the 
underlying scientific and mathematical 
principles; organize the subject matter 
so that it correlates with othe: phases ot 
the engineering curricula on an_ inte) 
dis iplinary basis: determine an engineel 
ing framework for the topic—with ex 
amples 
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!. Document findings in the form of 
syllabi or texts on the subject; prepare 
teaching materials for instruction; dis- 
tribute this material to the interested fac- 
ulty at all engineering schools. 

5. Conduct workshop-teaching _ ses- 
sions for engineering faculty which are 
long enough to cover the subject thor- 
oughly, probably a semester or summer; 
opportunity should be available for at 
least one representative from all schools 
in the nation to learn about the progress 
on the given topic. 

Success in these endeavors depends 
upon the identifying of capable and cre- 
ative educators who can be induced to 
invest a significant effort on a specific 
topic. Financial support, professional in- 
terest on the part of colleagues and ad- 
ministrators, and managerial effort to 
initiate the endeavor must be provided. 
This method of operation provides high 
level development for the team of inves- 
tigators, extramural development for fac- 
ulty attending the workshop sessions, and 
improvements in course content through 
the svllabi and teaching materials gen- 
erated. 

Many variations on this basic plan are 
feasible in specific situations, including 
cooperative educational programs be- 
tween institutions on a given subject 


rather than at a single school. 


V. Needs in Engineering Design and 
Experimentation” 
A. Engineering Design 
The goal of the engineer is to utilize 
knowledge of the physical world for so 


cial benefit 
he designs or builds devices, structures, 


In order to achieve this end 
processes and systems. The problems 
whi h he seeks to solve have many pos 
sible answers from which he must select 
an appropriate, and hopefully an opti 
mum, solution 

“Engineering design then is the proc- 


ess of applying the various techniques 


Much of this material is taken directly 
from “Report on Engineering Design,” by 
<. S. Taylor et al., JouRNAL OF ENGINEER- 
ING Epucation, Vol. 51, No. 8 (April 1961), 
pp. 645-660 
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and scientific principles for the purpose 
of defining a device, a process or a system 
in sufficient detail to permit its physical 
realization.” This statement, of course, 
includes the entire decision-making proc- 
ess. 

A design problem implies action and a 
final result which has physical reality, not 
a result which is only an idea or a report. 
One characteristic of the design problem 
is that there is no unique solution; in 
fact to ask for the “correct” answer to a 
design problem is to ask a meaningless 
question. There is no one correct answer, 
but usually there are several adequate an- 
swers, some of which may be identified 
as “better” than others. Often the opti- 
mum answer can only be determined in 
the light of the values of our society. 

Design is a conceptual process, one in 
which at least a fragment of a mental 
plan is necessary before the process can 
proceed. It is often an iterative process 
in which each decision must be tested 
by examining its effect on sub-problems. 
Furthermore, design often involves sev- 
eral different disciplines, for example, 
fluid mechanics, structures, dynamics. 
electric circuit theory, etc. The skill of 
the designer is measured by his ability 
to identify limits and to make appropri- 
ate compromises. 

The design process and its elements 
need to be studied, improved, extended, 
and above all, taught to student engi- 
neers. Student engineers need the op- 
portunity to participate in design experi 
ences which are optimum when authen- 
tic but which may be effective when re- 
lived through case studies. In recent 
vears new fields of study such as game 
theory, theory, optimization 
theory, linear programming, dynamic 
programming, probability theory, feasi- 
bility testing, project scheduling, infor- 
mation theory and computers have ma- 
tured to the point where they can be 
used and taught as tools of design. There 


decision 


exists a great disparity between the good 
design instruction needed and that com- 
monly experienced. Although the cost 
may be high, a great effort is necessary 
to strengthen the teaching of design. 


B. Use of Analysis by Engineers 

In a new design problem, the concep- 
tion of an idea obviously must precede 
its analysis. Hence there is initially a 
phase involving a kind of abstract syn- 
thesis. Furthermore, nearly every phys- 
ical device is far too complex to permit 
analysis directly. In order to make the 
problem amenable to analysis, it is nec- 
essary to conceive a model having the 
essential characteristics of the actual de- 
vice, but simplified to eliminate nonessen- 
tial detail. A physical device always dif- 
fers from its model, and judgment iS re- 
quired to select a proper model, or to de- 
cide whether a useful model is indeed 
possible. Machine computation permits 
the use of more complicated models but 
it should not be assumed without proof 
that a more complicated model better 
represents the physical device. In short 
numerical analysis must be used with 
judgment. The false assurance which en 
gineers, and more importantly, manage 
ment, often derive from an over-analyzed 
problem can have disastrous results 

Perhaps the most important use of an 
alysis by the designer comes from his 
knowledge of general principles and the 
form of mathematical relationships rather 
than from actual computation Phis 
knowledge gives limits and direction to 
the conceptual process. 

The ostensible content of an engineer- 
ing education is a body of knowledge and 
a set of skills which should enable a stu- 
dent to solve engineering problems. But 
education is much more. than_ this 
Whether consciously taught or not, stu 
dents acquire attitudes and habits as well 
We may 
have been paying far too little attention 


as information and techniques 


to the attitudes we instill in our students 
Engineering schools cannot escape the 
responsibility for the attitudes as well as 
for the knowledge and skill of their stu- 
dents. 


Important among these attitudes are 


1. Willingness to proceed in the face 


of incomplete and often contradictory 


data and incomplete knowledge of the 


problem. 


2. Recognition of the necessity of de- 
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veloping and using engineering judg- 
ment. 

3. Questioning attitude toward every 
piece of information, every specification, 
every method, every result. 

4. Recognition of experiment as the 
ultimate arbiter. 

5. Willingness to assume final respon- 
sibility for a useful result. Are these at 
titudes fostered by the kind of education 
we provide? The subject is not outside 
the province of higher education because 
attitudes are slowly acquired, difficult to 


change and best instilled at a relatively 


early age. 
C. The Importance of Experiment 


When we speak of the fundamentals 
of an engineering education we certainly 
include the experimental method, by 
which we must test every hypothesis and 
every analysis. The competent engineer 
understands the interplay between ex 
periment and analysis, and uses them as 
the situation requires. In order to coun- 
terbalance our preoccupation with an 
alysis, enthusiasm for experiment should 
be evident in all areas and at all levels 
of the educational process. Students 
should use experiments to study a point 
or to settle an argument arising in the 
classroom. In some areas, notably elec- 
tronics where “breadboarding” is rela 
tively easy, the ideal described above has 
been occasionally approached. In others, 
enthusiasm for the experimental method 
is conspicuously lacking. New laborato 
ries, adequately staffed, flexibly equipped 
and freely available to staff and students 
alike are required, together with ideas fon 
this purpose. 

Indoctrination in measurement. tech 
niques and the demonstration of physical 
important. The former 
can be accomplished in the context of 
early experiments on simple, flexible, ex 
pendable equipment, and _ the _ latte: 
through the use of well-designed lecture- 


principles are 


demonstration apparatus. To teach the 
role of experiment we must strive to de 
velop subjects in which students assume 
responsibility for the theoretical and ex 
perimental approaches, the design and 
instrumentation of experimental appara 
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tus, the design of the experiment and the 
interpretation of the results. 

Many institutions have major installa- 
tions of fixed laboratory equipment and 
this equipment need not be discarded. 
In many instances, this equipment can be 
used by the imaginative instructor as the 
basis for a program of solving problems 
in the laboratory as a transitional pro- 
gram to be utilized until a more desira- 
ble “workshop” type of laboratory can be 
evolved. 

D. The Engineering Faculty in Design 

Inventing, developing and presenting 
problems such as have been proposed re 
quire ingenuity, time and engineering 
experience. The size of the class must 
be small enough to encourage student 
participation. The question of finding 
experienced teachers leads to problems 
of hiring and of providing engineering 
experience for staff members. These fac- 
tors all tend to increase the budget for 
teaching salaries. It seems trite but per- 
haps necessary to say that embryo engi- 
neers should be taught by practicing en- 
gineers, but only those who are looking 
forward from a base of modern science. 

The engineering faculty member gains 
experience in many well-known ways in- 
cluding personal research, consulting, 
summer or longer industrial employment, 
and in university research and develop- 
ment projects. It is the understanding 
of the design process gained through 
such personal experience which enables 
him to help a student to understand de- 
sign. Administrative policy must recog- 
nize the role of consulting on the outside 
and of the development or design lab- 
oratory within the university for giving 
necessary experiences to staff who teach 


design 


E. Recommendations 

1. Involve students as engineers in 
original projects in the freshman year. 
Such investigations can be projects in 
design, analysis or experiment. 

a. In engineering graphics: This 
course offers an ideal opportunity to in- 
volve students in elementary problems 
of design and analysis early in their col- 
lege experiences. 
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b. Special first course in engineering: 
A course can be designed to give the stu 
dent a substantial preview of modern en- 
gineering methods and problems. It 
might include: 

(1) Experience with computing ma- 
chines—analog and digital. 

(2) Introduction of techniques of an 
alysis, linear programming, probability, 
difference methods, ete. 

(3) Introduction to design or engi 
neering methods, study of design mor 
phology. 

(4) Elements _ of 
written, graphic, etc. 


communication 


(5) Case problems illustrating the 
above. 

(6) Original problems requiring exer- 
cise of the above. 

c. Special research projects: Students 
can be involved in research projects in 
many ways. They include the following: 

(1) Faculty - student relationships 
wherein a single student works closely 
with a_ faculty 
contrived between them. This may be 
supported by funds from the institution 
or more often by funds from industrial 
or sponsored research. 

2) Students can be hired as student 
engineers on sponsored research projects. 
Such experience is far superior to that 


member on a_ project 


obtained from waiting on tables or 
handling a switchboard. 
3) National Science Foundation stu 


dent research projects, and the like. 


2. Initiate experiments and studies in 
the codifying and teaching of the de 
sign process, and research on its tools 
(e.g., decision theory, optimization tech 
niques, design with computers, et« 

3. Examine engineering subjects with 


a view to increasing the number of 
problems involving decision-making and 
experiment. 

4. Investigate teaching by 
and laboratory because of the belief that 


physical phe 


projects 


a. Demonstrations of 
nomena are valuable but should not con 
stitute a large part of student activity in 
the laboratory; 

b. A project type of laboratory in 
which the students select and assemble 
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equipment for an original investigation 
is desirable; 

c. Some familiarization of students 
with measurement techniques is neces- 
sary; 

d. Projects and non-routine type 
measurements could be encouraged by 
developing kits, breadboards, and as 
semblies of instruments and devices 

5. Encourage engineering internships 
in development and consulting 
Hexibility 


and provide adequate academic and tech 


laboratories for 


6. Equip 
nical supporting staff. 
VI. Attracting, Selecting, and 
Counseling of Students 


To help offset the decreasing enroll 
ments in engineering and the acknowl] 
edged competition of the various protes 
sions for the superiol student, engineer 
ing schools should increase their efforts 
to recruit students. Attraction of sufficient 
numbers, including a reasonable share 


of the 


should be based On a cleat portrayal or 


more capable voung people 


engineering as a_ profession. Likewise 
efforts are needed to select students who 
can succeed in and enjoy. the practice 
of engineering. Counseling of students 
in high schools and during their earl 
period in college is an important factor 
in this endeavor 

Topics to be studied when considering 
the student as a factor in engineering 


education include the following 


\ Clarification of th 


Engineering 


Image of 

An undertaking of this subject would 
result in answering such questions as 
What do engineers do in practice? How 
can this information be best portraved to 
the public and to the potential student? 


How should students select majors? 
Should engineering be taught to the 
student in his freshman vear? What par 


ticular ethical concepts and ideals should 
be developed in the engineer? One ot 
more appropriate portrayals of the engi 
neer should be prepared for presentation 
to the public, to the profession, and to 
the potential 


student while in high 


school. Also, the answers to these ques 
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tions should be studied for their impli- 
cations in programs of education. What 
characteristics of the student intellec- 
tual, personal, and performance — indi- 
cate that he would be successful and 
enjoy engineering as a profession? What 
data could be gathered on engineering 
students — and on students in parallel 
curricula — which would assist in clarify- 
ing the desirable qualities for engineer 


ing students? 


B. Attracting Qualified Students to 
Engineering Careers 

Many apparently qualified students 
who enter college intending to prepare 
for engineering careers drop out of en 
gineering studies and are lost to the pro 
fession. Why does this occur and how 
can the attrition be reduced? Examples 
of topics to be investigated inc lude: the 
extent to which the perception of educa 
tional engineering goals and the identi 
fication of the student with the goals 
role-plaving) are accomplished, and the 
importance of such accomplishment; the 
extent to which early identification of 
student with engineering may benefit o 
handicap his total education; the process 
followed by the student in selecting his 
major and in choosing his study program 
and the effects of the process on_ his 
goals; the opportunity to change to a 
major outside of engineering: the extent 
to which the student’s preconception of 
engineering education is fulfilled and the 
effects of discrepan¢ ies between antici 
pation and realization; the effectiveness 
of introducing the student to inspirational 
literature such as biographies of engi 
neers or the historv of science and tech 
nology, or to inspirational contemporary 
practitioners such as teachers or lecturers; 
and the effects of establishing goals of 
excellence rather than mediocrity in 
stimulating or discouraging the student 

These investigations might be con 
ducted as a team effort at several repre 
sentative engineering schools, the team 
to consist of students, faculty, practicing 
engineers, educational psychologists and 
psychiatrists. Such material would be 
constructive in preparing guidance lit- 
erature for the high school student 
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C. Counseling 

Academic counseling, as distinct from 
health and emotional counseling, must 
be subjected to many local variations in 
individual institutions. Nevertheless, cer- 
tain problems are likely to be common. 
For example, all institutions could bene- 
fit from an investigation of the possibili- 
ties of utilizing peer groups of students 
to develop an attitude and responsibility 
within the student body to encourage 
each student to want to learn—not to be 
taught; to encourage students in the 
same class to help others to learn—not 
to compete with each other; and to en- 
courage upperclassmen to assume certain 
responsibilities for teaching underclass- 
men as is the custom in medical schools. 


The first step that might be taken in 
a study of academic counseling and 
problems related thereto should be a 
comprehensive survey of counseling in a 
large number of representative institu 
tions. The results should then be studied 
intensively and recommendations pre 
pared 


VII. The Learning Processes 


The aspects of engineering education 
which receive too little attention in edu- 
cational planning are the learning proc 
esses. The engineer, accustomed to han 
dling physical problems, is inclined to 
avoid studies concerning student reac 
tions and the learning process. It is be- 
lieved that pilot studies are overdue in 
implementing the science of learning in 
engineering education. Tests, examina- 
tions, programmed learning materials, in- 
formation techniques, and other tools 
need to be developed for engineering 
subjects. 


A. Implementing the Science of 
Learning in Engineering 
Education 


There exists a body of knowledge, con- 
sisting of theories, principles, facts, 
methods and approaches in the area of 
the science of learning, that is sufficient- 
ly mature and adequately supported by 
evidence to be useful as a foundation, 
supplementing the arts of teaching, for 








636 JOURNAL OF ENGINEERING EDUCATION Vol. 52—No. 9 


engineering education. However, the 
rather vast and diverse literature on the 
science of learning is not readily avail- 
able, and is unknown and unused in en- 
gineering education. Thus a task of high 
priority, and an approach which prom- 
ises the greatest immediate gains for the 
least expenditure of energy and funds, is 
to introduce appropriate, selected and 
dependable principles and facts from 
available information for use in engineer- 
ing education. Probably this application 
and development effort should be given 
priority over the ad hoc research work 
on engineering teaching. Demonstrations 
of the efficacy of applying the prin- 
ciples of learning may be required in 
order to introduce effectively in engineer- 
ing education and to achieve application 
of the most important principles from the 
science of learning. 

The task is threefold: preparing digests 
of the hard, relevant and useful prin- 
ciples from the large body of theoretical 
and experimental literature in the area 
of the science of learning; writing the 
summaries and digests in a form and 
language that is clear and understandable 
to the majority of engineers in academic 
fields; illustrating the relevance of the 
principles and the way they can be ap- 
plied in engineering education. The at 
tack may involve the establishment of a 
task force of carefully selected and com- 
petent professional men from the major 
relevant areas of the science of learning, 
mature and experienced engineering 
teachers, writers and a supporting staff, 
all to be located in a major center of 
libraries. Provision must be made _ for 
publishing and distributing to engineer- 
ing teachers a continuing series of mono 
graphs each dealing with a single major 
subject or principle, digests of the sup- 
porting evidence, and clear and forceful 
expositions of implications for and ap- 
plications in the teaching and the learn 
ing of engineering subjects. Included will 
be the use of the mass media including 
radio, film and tape recordings and tele- 
vision when their employment is ap- 
propriate and can be justified. 


B. Neurotogenic Factors in 

Engineering Education 
Masked neurotogenic processes’ are 
universal although variable in 
life in every culture known to us. They 
play an important and destructive role 


human 


in all education and in all creativity, 
Therefore it is essential to ascertain the 
role which they play 
of engineers and in thei 


in the education 
subsequent 
creative productivity. To do this will re- 
quire the establishment of an inter-school 
agency to conduct these studies and to 
keep confidential all personal informa- 
tion. This agency must be empowered to 
obtain its data from adequate samples of 
students, graduates, faculty and admin- 
istration over a period of 20 to 25 years 
Such studies will have to be carried on 
by mobile multi-disciplinary teams 


C. Learning to Learn Effectively 


We should explore the possibilities for 
increasing the abilities of 


students for learning more material than 


significantly 
thev now learn, and to do this more 
rapidly and efficiently and with greater 


retention. 


D. Research and Development of De- 
signed, Tested 
Learning Materials, and Program- 
med Texts for Autonomous (Self 
Learning 

A central 

learning is to arrange conditions which 


Sequenced and 


requirement ot academic 


The following material written by Dr. | 

S. Kubie on this subject was furnished to 

each conferee: 

Neurotic Distortion of the Creative Process 
The Noonday Press 

“Some Unsolved Problems of the Scientific 
Career,” American Scientist, Vol. 41, No 
4 (Oct. 1953), pp 599-913: Vol. 42, No 
1 (Jan. 1954), pp. 104-112 

‘The Search for Maturity in Pre-Professional 
Education.” The Clinical Research, Vol 
VII, No. 2 (April 1959), p. 177 

“The Concept of Normality and Neurosis, 
Psychoanalysis and Soc ial W ork, edited by 
Marcel Heiman, M.D., New York: Inter- 
national University Press, 1953 

The Distribution and Fostering of Crea- 
tive Scientific Productivity,” paper con- 
tributed to the MIT Centennial Confer- 
ence on Science and Engineering Educa- 
tion 

“The Forgotten Man of Education,” com- 
mencement address at Goddard College 
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will provide for progression, extension, 
and persistence of the interactions (learn- 
ing responses ) of students with the con- 
tent or stimulus materials to be learned. 
The materials, curricula, blocks of in 
formation, and sequences of units can be 
so ordered and presented as to control 
the learning responses of students in or- 
der to achieve specified results. These 
statements have great implications for ed- 
ucation generally, and engineering espe- 
cially. There is a great need for exploring 
mechanisms, media, and relevant instru 
ments. Engineering needs to contribute 
to basic research on programmed learn 
ing while making carefully conducted ap 
plications and assessments of the patterns 
of content organization, varied proce 
dures for presentation and use, and 
evaluation of results. The attack on this 
problem might be through programs of 
research and development of program 
med learning in planned samples of con 
tent areas, different levels of complexity 
and with different kinds of students. It 
would be desirable to explore the pos 
sibilities for producing varied kinds of 
learned behavior, e.g., understanding of 
principles, dealing with design problems 
and solving other creative problems 


E. Testing, Evaluation, and Problem 
Solving 


Testing, evaluation and problem-soly 
ing are universally accepted as major 
tools of engineering education, and the 
difficult art and science of utilizing these 
tools is in many ways at the very heart 
of the educational process. Character 
istically, the engineering teacher has not 
had the opportunity for studying these 
tools in depth but instead has adopted 
whichever of the traditional patterns is 
most convenient to him for the subject 
matter content and grading system. Many 
of the present practices in testing and 
problem solving are so hallowed by tra 
dition that they are rarely que stioned 
On the other hand, these practices have 
the most profound effects, some adverse 
and some favorable to the educational 
process, on the student’s learning proc 
ess, and on the development of his 
creativity. Accordingly, studies and proj 
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ects in the field of testing, evaluation, 
and problem solving afford major op- 
portunities for large improvements in 
the effectiveness of engineering educa- 
tion. A long range program in this field 
should deal with the following overlap- 
ping topics in depth: 

1. The measurement functions of 
tests and examinations in various places 
in the educational process such as ad- 
mission, placement, and career decisions; 
prediction of performance; grading and 
measuring academic achievement; aca- 
demic awards, honors, fellowships, etc.; 
and professional and engineering registra- 
tion. 


2. The effects of tests and examina- 


tions on the learning processes. Included 
are the defining of short range, inter- 
mediate range, and long range educa- 
tional goals for teacher and student, re- 
spectively; false goals and real goals; 
fraternity files, etc.; self-evaluation and 
peer evaluation by students; reinforce- 
ment of learning; development and block- 
ng of creativity; relative emphasis on 
memory and organization of information 
versus methods of thought, analysis, and 
synthesis; neurotogenic and psychological 
effects; effects on compartmentation 
versus integration and = association of 
knowledge; research and development of 
new test media plus their application. 


FE. Other Topics 

Members of the conference discussed 
several other topics which are only men- 
tioned here without elaboration: the sys- 
tems approach to teaching and learning; 
research and development on advanced 
instrumentation for learning; learning 
research centers; and study of foreign 
educational environments. 

The scope and importance of the 
studies described in sections A through 
F are such as to require preliminary 
planning and development of programs 
by a small interdisciplinary group repre- 
senting engineering, science, educational 
psychology and testing, psychiatry, and 
possibly other disciplines. The program 
must be planned and organized by this 
group so that it will receive widespread 
support from engineering educators and 
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from existing organizations such as 
ASEE, ECPD, and the education com- 
mittees of the professional engineering 
societies. At the same time it should at- 
tract and apply wisely the best efforts 
and insights of professionals in education, 
educational psychology, psychiatry, and 
educational testing. In the present op- 
eration of engineering education, a tre 
mendous effort is being devoted con- 
tinuously to testing and examination, but 
to a considerable extent individual 
teachers and small groups expend this 
effort independently and with a mini- 
mum of interchange of experience and 
understanding of the art. Thus, an es 
sential part of the job of the initial plan- 
ning group is to find means of coordinat- 
ing and making more efficient the pres 
ent already massive but duplicative and 
scattered activities. 


VIII. Problems Associated with the 
Special Role of Engineering 
in a University 

In the modern American university it 
is possible to recognize two distinct 
groups of professors. The first, which has 
a long academic tradition, is dedicated 
to contemplation, to knowing, and to the 
discovery of knowledge. The second, 
which is newer, is more committed to 
action, to finding new ways of doing 
things, and to the interpretation ot 
knowledge so that it may be more easily 
put to use. The first group has a tradi 
tion that goes back 2200 years to Euclid, 
who is said to have chastised a student 
for inquiring to what uses geometry 
could be put. The second group has 
more in common with Archimedes, who 
was thrown out of the Greek schools of 
mathematics for obtaining the formula 
for the volume of a cone by the simple 
expedient of balancing its weight against 
a sphere of appropriate size. Archimedes, 
who made application to simple, labor 
saving machines, was the prototype of 
the modern engineering professor. He 
interspersed periods of contemplation 
with periods of action on timely prob- 
lems. History shows that Archimedes was 
a rare phenomenon in his time, but the 
influential members of engineering fac- 


ulties today must have some of his per- 
ception of balance between knowing and 
doing. 

Engineers on university faculties have 
a dual role in academic affairs. Like thei) 
colleagues in all departments they must 
teach and search for new knowledge 
through research and study; but unlike 
most of their colleagues they must also 
advance the practice of engineering. To 
do this they must be involved in practice 
themselves, not only as individuals but 
also as contributors to engineering edu 
cation. Some members of the faculty 
emphasize mathematics and science in 
their research and do not extend them- 
selves to the solution of practical prob 
lems. Others find an outlet for their crea 
tive talent through engineering practice, 
and often involve themselves with teams 
on problems with political, financial or 
legal aspects. Thus an engineering fac 
ultv represents a wide range of capabil 
ities 

The members of the academic engi 
neering team should share equitably in 
the recognition and understanding of 
achievement that is given by the aca 
demic community. With emphasis on 
science and mathematics today, those 
whose work is highly scientific, display 
ing mathematical erudition, are readily 
recognized Those whose contributions 
lie in less well-formulated activities (e.¢., 
the synthesis of structures and processes, 
the scheduling and management of proj 
ects, the translation of poorly defined 
needs into clear specifications, and the 
improvement of industrial processes 
often find that evidence of their creativity 
is not at hand. Likewise engineering edu 
cational projects may need evaluation at 
a high level to encourage participation. 
The achievement of proper credit for 
such diverse activities taxes the wisdom 
of chairmen, deans, and administrators 
at higher levels. Indeed, programs recom- 
mended in this report may be avoided by 
the faculty if administrators do not ac- 
cept them at full value as compared to 
scientific research, particularly in con 
nection with promotions and appoint 
ments. 
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The problem of understanding the role 
of engineering education in the univer 
sity is not limited by the boundaries of 
campuses. There now exist many private 
research agencies which, with govern- 
ment support, compete with universities 
for our most capable engineers, and, 
again with government funds, support 
them in laboratories where there are no 
students. Important as these institutions 
are to the national effort, they are in di 
rect competition with universities for the 
limited supply of able engineers. Many 
more such persons must be attracted to 
teaching to insure the improvement and, 
in fact, the continuation of engineering 
education. A nationwide survey could 
assess the optimum interaction of both 
university and national policies affecting 
Without an 


effort of national scope, the problems of 


these conflicting interests 


faculty growth and development on the 


local level HAY be impossible to solve 
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We summarize this section by citing 
actions which appear to be needed on a 
national scale: 

A. The development of sources of 
funds which will permit engineering 
schools to maintain sustained project ac- 
tivities devoted to the purposes of engi- 
neering research and development, high- 
level practice, and educational projects. 

B. An effort to help both the general 
public and university administrators ap- 
preciate the differences and the similari- 
ties between engineering and basic sci- 
ence 

C. A study 
ination of information about the admin- 
istrative practices of colleges and univer- 
sities that affect healthy development of 
engineering faculties. 

D. A study of the effect of govern- 
mental expenditures for research and de- 
velopment en the present and future 
shortages of qualified recruits to engi- 


ind subsequent dissem 


neering faculties. 


APPENDIX A 


Historical Note on Background, Program and Participants 
In the Conference at the University of Colorado 
August 9-15, 1961 


Background for Conference 

The National 
called a meeting February 9 and 10 in 
Washington, D. ¢ 


i group of engineering educators as to 


Science Foundation 


_ to obtain views from 


crucial needs and wavs ol advancing 
programs In engimeerimng education The 
two-day meeting explored a variety of 
developments such as the incorporation 
of new concepts into programs, the need 
for more learning through projects, the 
provision of source material, and the ef 
fective dissemination to faculties through 
out the country of all kinds of aids 

The group proposed further effort by 
a larger and more varied group. To 
achieve this end, it constituted itself an 
ad hoc steering committee and prepared 
a proposal to the Course Content Im 
provement Section of the Foundation to 


support the planning and holding of a 
one-week meeting. In a comparatively 
few weeks a grant of $25,000 was made 
for the purpose with The University of 
Kansas acting as fiscal agent.4 With 
these funds the ad hoe group met again 
in New York April 11 and 12, 1961. 
The outcome of the second meeting 
was a breakdown of effort into five sub- 
divisions entitled: A—Science and engi 
neering; B—Design, analysis and labora- 
tory; C—Faculty development; D—Edu 
cational environment; and E—Teacher 
learning. Further discussions at Lexing- 
ton, Kentucky, during the ASEE annual 
meeting, together with individual effort 
and many phone calls, led to the forma- 
tion of a program and a slate of partici- 


‘]. S. MeNown served as coordinator of 
the undertaking and purser of the NSF grant. 
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pants for the meeting at the University 
of Colorado in Boulder, August 9-15, 
1961. Throughout the entire effort, close 
liaison was provided with both ASEE 
and ECPD by Newman Hall, who served 
on the steering committee and holds of- 
fices in both organizations. 


Program of the Conference 


The first two days of the conference 
were devoted to discussions of the five 
areas evolved by the steering committee. 
Those invited to represent non-engineer- 
ing viewpoints added much to the delib- 
erations. The remainder of the period 
was a combination of work-writing ses 
sions by small groups and further meet- 
ings of the entire conference. The writ- 
ing efforts provided a draft of this report 
It was subsequently assembled and ed- 
ited by R. E Bolz, D. L. Katz, and B. R 
Teare. 

Much of the conference discussion re- 
volved around an organization to carry 
out the national effort required to accel- 
erate the developing of engineering edu- 
cation for the future. The experiences 
and precedents in forming the Commis- 
sion on College Physics and the Commit- 
tee on the Undergraduate Program in 
Mathematics were available. The final 
action was to create a Commission for 
Engineering Education with the follow- 
ing designated as members: W. Bollay, 
G. S. Brown, P. F. Chenea, J. H. Hollo- 
man, D. L. Katz, F. C. Lindvall, N. M. 
Newmark, B. R. Teare. This group was 
instructed to carry forward the plans of 
the conference as outlined earlier in this 


report.® 


The seven members of the commission 
who attended the conference and who ac- 
cepted membership met in Washington, D 
C., on September 23, 1961. They elected 
P. F. Chenea as chairman, and added the 
following persons to the commission: Presi- 
dent of ASEE (now R. W. Van Houten), 
President of ECPD (now R. A. Morgen), 
J. S. McNown, U. of Kansas; Wm. Picker- 
ing, Jet Propulsion Laboratory; W. L. Ev- 
eritt, U. of Illinois; E. E. David, Bell Lab- 
oratories; and R. R. White, Atlantic Refin- 
ing. 


JOURNAL OF ENGINEERING EDUCATION 





Vol. 52—No, 9 


The Participants 


W. Bollay, Consultant, 4592 Via Vis- 
tosa, Santa Barbara, Calif 

°R. E. Bolz, Division of Engr., Case 
Inst. of Tech., Cleveland, Ohio. 

C. W. Borgmann, Ford Foundation. 
177 Madison Ave., New York 22. 
N. Y. 

°G. S. Brown, College of Engr., MIT. 
Cambridge, Mass. 

J. A. Campbell, Harvey Mudd College, 
Claremont, Calif. 

C. R. Carpenter, Div. of Academic Re- 
search, Penn State, Univ. Park, Pa. 

P. F. Chenea, Purdue Univ., Lafay- 
ette, Ind. 

E. U. Condon, Physics, Washington 
Univ., St. Louis, Mo 

D. R. Corson, College of Engr., Cor- 
nell Univ., Ithaca, N. Y. 

E. E David, Visual and Acoustics Re- 
search, Bell Labs., Murray Hill, N. J 

C. R. DePrima, App. Mathematics, 
Cal. Tech., Pasadena, Calif 

D. C. Drucker, Div. of Engr., Brown 
Univ., Providence, R. | 

°N. A. Hall, Mech. Engr., Yale Univ., 
New Haven, Conn. 

°D. L. Katz, Chem. and Met. Engr.. 
Univ. of Mich., Ann Arbor, Mich 

W. P. Kimball, Thayer School of Engr 
Dartmouth College, Hanover, N. H 

L. S. Kubie, M.D., Sheppard and 
Enoch Pratt Hospital, Towson, Md 

F. C. Lindvall, Div. of Engr., Cal 
Tech., Pasadena, Calif. 

°W. R. Marshall, College of Engr.. 
Univ. of Wisconsin, Madison, Wis 

*J. S. McNown, School of Engr. and 
Arch., Univ. of Kansas, Lawrence, 
Kans. 

W. C. Michels, Physics, Bryn Mawt 
College, Bryn Mawr, Pa 

°J. C. Mouzon, College of Engr., Univ. 
of Michigan, Ann Arbor, Mich 

°N. M. Newmark, Civil Engr., Univ. of 
Ill., Urbana, II. 


R. L. Pigford, Chemical Engr., Univ. 


of Delaware, Newark, Del. 


H. O. Pollak, Bell Labs., Murray Hill, 


N. J. 
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W. E. Ranz, Chemical Engr., Univ. 

of Minnesota, Minneapolis, Minn. 
°°R C, Rautenstraus, Civil Engr., Univ. 

of Colorado, Boulder, Colo. 

J. B. Reswick, Div. of Engr., Case 
Inst. of Tech., Cleveland, Ohio. 

A. B. Rosenstein, Univ. of California, 
Los Angeles, Calif. 

R. Schuhmann, School of Met. Engr., 
Purdue Univ., Lafayette, Ind. 

A. H. Shapiro, Mech. Engr., MIT, 
Cambridge, Mass. 

C.. Mi. Sliepcey ich, College of Engr., 
Univ. of Oklahoma, Norman, Okla 
°B. R. Teare, College of Engr., 
gie Tech., Pittsburgh, Pa. 


Carne 


D. L. Trautman, Ford Foundation, 477 
Madison Avenue, New York 22, N.Y 
M. Tribus, Thayer School of Engr., 
Dartmouth College, Hanover, N. H 
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J. G. Truxal, Elec. Engr., Polytechnic 
Inst. of Brooklyn, Brooklyn 1, N. Y. 

K. R. Wadleigh, Mech. Engr., MIT, 
Cambridge, Mass. 

°A. H. Waynick, Elec. Engr., Penn 
State Univ., University Park, Pa. 

J. R. Whinnery, College of Engr., 
Univ. of Calif., Berkeley, Calif. 

F. J. Young, Elec. Engr., Carnegie 
Tech., Pittsburgh, Pa. 

C. A. Whitmer, NSF, Washington 25, 


Dd. ©. 

R. H. Long, NSF, Washington 25. 
BP: 't.. 

R. Paulson, NSF, Washington 25. 
DG. 


°Members of steering committee. M. J 
Goglia of Georgia Tech., a member of the 
steering committee, was unable to attend the 
Boulder meeting. 

°*Responsible for local arrangements by 
Host Institution. , 


APPENDIX B 


Charge to the Commission 


A Conference Resolution 


Whereas, the general purpose of this 
conference has been to propose those 
measures which, when put into effect 
will very significantly advance engineer 
ing education in the United States; 

Whereas, the accomplishment of this 
urgently needed advancement is com 
plex and difficult to achieve and will re 
quire extensive and sustained resources 
and efforts on a national scale; and 

Whereas, these resources and efforts 
must be directed toward the areas sup 
portive of engineering education where 
important contributions may be made: 


Be it resolved that the commission ap 
pointed by this conference will develop 
vigorously and in a balanced manner the 
following four areas: 

1. Curricula facilities and their sys- 
tematic reorganization and development. 


2. Preparation, production, and test 


ing of instructional-learning materials of 
high quality and proven effectiveness. 

3. Effective faculty 
development in (a) knowledge of the 
fields, (b) research capability and_ in- 
volvement, (c) 


programs _ for 


the processes of instruct- 
ing and learning relative to engineering 
education. 
4. Studies of the characteristics of en- 
gineering students to serve as a basis for 
a) the improvement of instruction, (b) 
the assessments of the results of engineer- 
ing education, and (c) the increase of 
the efficiency of the educational process. 
Be it resolved, also, that the commis- 
sion now appointed secure the means and 
take actions to develop in a_ balanced 
manner all four areas. 
The conferees pledge their support of 
the commission in this assignment 


Accepted by Voice Vote of Conference. 











What’s Going on in ASEE 


A Narration of Major Actions of the Executive Board at its 
February Meeting 


W. LEIGHTON COLLINS 


Secretary, ASEE 


An extensive period for the discussion 


of future activities early in each meeting 
is “the new look” in establishing agen- 
das; routine reports now come last. At 
the February meeting these “look ahead” 


discussions centered on operating under 
the reorganization plan and the revision 
of the constitution and bylaws. Specific 


topics were: 


i 


Appointment of a committee to 
study what should be done for the 
growing number of Affiliate Mem 
bers, Vice President Curtis L. Wil 
son, chairman. Ten years ago 13 
of the 27 members were technical 
institutes; now the total number is 
102 and only 25 are technical in 
stitutes. 

The possible effects on engineering 
education of the new programs be 
ing developed in mathematics 
chemistry, and physics for second 
ary schools. The lack of engineer 
ing representation on the groups 
developing the programs gives rise 
to the question of whether engi 
neering teachers are adequately 
informed. 

The interaction of engineering and 
the social sciences. NAS-NRC has 
been sponsoring conferences and 
it was agreed ASEE should pai 
ticipate in them as much as possi- 


ble. 
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The total national needs of engi 
neering education. It was con 
cluded that the widely scattered 
data available should be brought 
together in a document to be pub 
lished and widely distributed. It 
should not only pinpoint needs 
but also the requirements to meet 
tl ce needs Che doc ument should 
be valuable for use with federal 
and state government agencies 
boards of trustees, ete., as well as 
constituting a statement to the pub 
lic regarding the true status of en 
gineering and its needs, independ 
ent of any reterence to science 
ECAC and ECRC are to prepare 
such a document, in cooperatior 
with ECPD, the U. S. Office of Ed 
ucation, EJC, ete 

NASA and engineering education 
Che report of R. J. Woodrow on his 
exploratory contact with NASA in 
dicated an interest in developing 
cooperative programs. <An_ engi 
neering teacher has been recom 
mended to serve on NASA’s stafi 
on leave of absence basis, and the 
Projects Committee was instructed 
to appoint a small committee to de 
fine the problem, develop a pro 
gram, and prepare a proposal for a 
summer institute program begin 
ning in 1963. 
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6. Division publications. The grow 
ing size and variety of the publica- 
cations and the related financial 
problems led to the decision that 
an ad hoc committee be appointed 
by the president to formulate a 
publication policy, carefully exam 
ine all current publications, con- 
sider future developments, and 
compare our efforts with those of 
other societies. Editor P. T. Bryant 
will be on the committee and Vice 
President Roy is to serve as a con 
sultant. 

7 Analvsis of engineering enroll 
ment. Dean L. A. Brothers, chair 
man of the new ECAC committee 
by that name, presented a detailed 
report on the proposed study of en 
gineering enrollment. An opera 
tions research approach is to be 
used. The Executive Board voted 
that every encouragement be given 
the committee to prepare a pro 
posal for submission to the Proj 
ects Committee. 


The EJC proposal that all engineering 
societies adopt a common abstracting-in 
dexing plan to facilitate storage and re 
trieval of technical information was en 
thusiastically endorsed. The plan recom 
mended is essentially that now being used 
by AIChE and ASTIA. It was voted that 
one or two from the headquarters staf 
attend the proposed workshop for society 
representatives. The preparation of an 
engineering thesaurus is to be accom 
plished by EJC. 

International activjties centered pri 
marily about the coming meetings of 
EUSEC in London and UPADI in Puerto 
Rico. President Van Houten was author 
ized to join with the president of ECPD 
in an effort to have appropriate repre 
sentation of U. S. educators at the 
EUSE( UPADI, Vice 
President Roy was authorized to work 
with President E. A. Walker of EJC to 


be sure a strong educational program is 


meeting. For 


developed if it is appropriate to the en 
tire program. 

The increasing number of foreign 
members, individual and _ institutional, 
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and subscriptions to the JouRNAL OF EN- 
GINEERING EpuCATION also were dis- 
cussed. The question of whether a spe- 
cial unit within the Society should con- 
sider their needs and work with them 
was referred to the Secretary for appro- 
priate exploration. The inclusion of Ca- 
nadian schools, as well as Hawaii, Alaska, 
and Puerto Rico, in Sections was referred 
to the vice presidents for Sections. 

The receipt of a two-year contract from 
the AEC for the summer institute pro- 
gram on nuclear energy was announced. 
The amount of $17,595 is provided for 
the administration of the 1962 program; 
the amount for 1963 is to be negotiated 
when plans become more specific. 

To spur the NSF-sponsored Visiting 
Engineer Program whereby engineering 
educators visit junior colleges, small lib- 
eral arts colleges, etc., having pre-engi- 
neering programs, it was agreed that: 

|. Special invitations to participate be 

extended to Affiliate Members. 

2. Information be distributed to 
deans of engineering and that they 
be requested to submit names of 
schools and individuals to contact. 

3. Brochures be distributed at Sec- 
tion meetings. 


~~) 


June 22-26 was approved as the date 
for the 1964 Annual Meeting at the Uni- 
versity of Maine. The theme for the 1963 
meeting at the University of Pennsyl- 
vania was discussed, but a final decision 
was not reached. On the recommenda- 
tion of the Annual Meeting Committee 
it was voted to: 

1. Limit all general sessions to two 


hours 


Y 


2. Establish general sessions only 
when they clearly serve the gen- 
eral interests of the whole member- 
ship. 

3. Require the approval of the Annual 
Meeting Committee, on a competi- 
tive basis, for all general sessions. 
including those sponsored by coun- 
cils 

The gift of an overhead projector and 

screen from the Minnesota Mining and 

Manufacturing Company was accepted 

with due appreciation. The equipment 
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was used to advantage at various times 
during the meeting. 

The receipt of $9,000 from the Leeds 
and Northrup Foundation for initiating 
a new doctoral fellowship under ASEE’s 
Industrial Fellowship Program and the 
extension of two others for one more year 
was announced. Louisiana State Univer- 
sity is the recipient of the new fellowship. 

Final action on the approval of the fol- 
lowing membership applications was 
taken. It should be noted that two of the 
new Affiliate Members are schools from 
foreign countries. 

Industrial Members 

Libby Owens Ford 
Librascope Division, General Pre- 
cision Company 
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New Jersey Bell Telephone Com- 
pany 
Purolator Products, Inc. 
Affiliate Members 
East Tennessee State College 
Tennessee Wesleyan College 
Trinity University 
Union Junior College 
Universidad de Mexico 
Universidad de Panama 
ECRC announced the election to mem- 
bership of: 
South Dakota State 
University of Massachusetts 
and reported that three applications were 
pending. 
Treasurer Burton reported the finances 
for the year to be in good shape. 


RELATIONS WITH FEDERAL AGENCIES COMMITTEE 


Membership in the ECAC-ECRC Joint Committee on Relations with Federal 
Agencies has been revised since the February 15 Yearbook. New members of the 
committee are John G. Truxal, Polytechnic Institute of Brooklyn, chairman; C. M. 
Sliepcevich, University of Oklahoma; M. A. Elliott, Illinois Institute of Technology: 
and K. F. Wendt, University of Wisconsin. 

Other members of the committee are J. A. Hrones, C. C. Chambers, D. R. Corson. 
W. L. Everitt, F. L. Foster, W. W. Hagerty, L. H. Johnson, J. R. Whinnery and 
R. J. Woodrow. 








To the Land Grant Schools 


A Major Force in Engineering Education 


R. W. VAN HOUTEN 


President, Newark College of Engineering and President of ASEE 


On July 2, 1962, the entire field of 


education in this country will celebrate 
the centennial of the first Land-Grant 
Act. It seems fitting that we should join 
in this celebration by noting some of the 
many accomplishments which are asso- 
ciated with 
and a few of the facts connected with 
their historical background. 

The first Morrill Act 
for the sale of public lands donated to the 
states. Proceeds of 
were invested and the interest used by 
the states for the support “of at least one 
college where the leading object shall be, 
without excluding 
classical studies 


our land-grant institutions 


1862) prov ided 


these sales of land 


other scientific and 


and including military 
tactics, to teach such branches of learn 
ing as are related to agriculture and the 
mechanic arts, in 
legislatures of the states may respectively 
prescribe, in order to promote the liberal 
and practical education of the industrial 
classes in the several pursuits and profes- 
life.” Later legislation 
has provided for annual appropriations 
in support of the institutions which arose 
from the first Act. 

Although land-grant institutions have 
been primarily associated with agricul 
tural education, research, and extension 
work, they all provide education in the 
arts and sciences and probably one of 
their most significant contributions to ed- 
ucation has been the field 
chanic arts” or engineering. 
estimated that land-grant institutions 
confer about two-fifths of all the engi 


such manner as the 


sions in federal 


in of “me- 


It has been 


neering degrees awarded in the United 
States! 

Engineering education as we know it 
today evolved during the latter half of 
the 19th century and one of the greatest 
influences on this growth was the Morrill 
Act. This is evidenced by the fact that 
1860 and 1880 the number of 


engineering schools in this country in- 


between 


creased from a half-dozen to more than 
eighty. 

The land-grant institutions have made 
it possible for very much larger numbers 
of persons to receive an education in en 
gineering, as well as in all other disci- 
plines, than would otherwise have been 
They have demonstrated that 
it is possible for the federal and state gov- 


possible. 


ernments to cooperate successfully in the 
field of higher education to fill the needs 
of the various governments—federal, state, 
and local. 

Out of this great movement grew the 
American Association of Land-Grant 
Colleges and State Universities. The old- 
est higher education association in this 
country, it was originally established in 
1887 as the Association of American Ag- 
ricultural Colleges and Experiment Sta- 


‘tions. 
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On behalf of the American Society for 
Engineering Education, | am proud and 
happy to salute the American Associa- 
tion of Land-Grant Colleges and State 
Universities and the institutions it repre- 
one-hundred of 
plishments and services to engineering 
education and to our Nation. 


sents on vears accom- 
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Glenn Murphy 


President of ASEE for 1962-63 


Dr. Glenn Murphy, President-elect of 
the American Society tor Engineering 
Education, has highly distinguished him 
self as an engineering educator. At Iowa 
State University he has the distinction of 
having headed three departments of en 
gineering. He is now Anson Marston Dis- 
tinguished Professor of Engineering and 
head of the Department of Nuclear En 
gineering. 

Dr. Murphy 
merous international engineering confer 
other 
members of ASEE a sincere interest in 


has participated in nu 
ences for he shares with many 


engineering education in all countries. 
His interest in problems of international 
education has resulted in his participa 
tion in many conferences in Europe. In 
November 1961 he served as representa 
tive of the Organization of 
States at the first Latin 
ference on atomic energy and its scientific 


American 
American con 


and engineering implications in education 
at San Carlos de 
He presented a series of 
nuclear engineering at the Instutut Nac 
ional des Sciences et Techniques Nu- 


Jariloche, Argentina. 


lectures on 


cleaires at Saclay, France, in 1962. 

He was born in Boulder, Colorado, on 
January 17, 1908. He was graduated 
from the University of Colorado with the 
degree of Bachelor of Science in Civil 
Engineering in 1929 and he received his 
Master's degree in Civil Engineering from 
the same institution in 1930. For the next 
two years he was a special research grad 
uate assistant in Civil Engineering at the 
University of Illinois where he received 
another Master’s degree in Civil Engi- 
neering in 1932. In the fall of that vear 
he joined the staff at Iowa State Univer 
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sity as an instructor in the Department 
of Theoretical and Applied Mechanics 
and he has remained at Iowa State since 
that time. He received his Ph.D. degree 
in Structural Engineering from Iowa 
State in 1935. In 1937 the University of 
Colorado granted him the degree of Civil 
Engineer. 

At Iowa State Dr. Murphy soon estab- 
lished a firm reputation in the areas of 
stress analysis and properties of materials, 
and also broadened his interests into the 
fields of aerodynamics and nuclear en- 
gineering. In 1952 he was appointed 
head of the Department of Aeronautical 
Engineering and he served in that capa- 
citv until 1955 when he became head 
of the Department of Theoretical and 
Applied Mechanics. Since 1949 he has 
been a senior engineering and group 
leader in the Institute for Atomic Re- 
search at lowa State. When a graduate 
program in nuclear engineering was 
established at Iowa State in 1951, Dr. 
Murphy was made chairman of the com- 
mittee which guided this activity. In 
1961 the Department of Nuclear En- 
gineering was organized and Dr Murphy 
became head of the department. 

In order that the staff and facilities of 
his department could be used to help 
other teachers, Dr. Murphy has organized 
and directed a number of summer insti 
tutes at Iowa State University. These in- 
clude the summer school of the me- 
chanics division of ASEE in 1950, three 
institutes on engineering materials in 
1960, 1961 and 1962, and two institutes 
on nuclear engineering in 1962. 

Dr. Murphy is known as an inspiring 


teacher who has left a lasting imprint 
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especially on the graduate students who 
have been fortunate enough to take their 
work under him. His influence as a teach- 
er has been extended greatly through the 
series of texts which he has written. 
These include: “Properties of Engineer- 
ing Materials” (1939, second edition 
1947, third edition 1957), “Materials 
Testing” with H. J. Gilkey and E. O. 
Bergman (1941), “Mechanics of Fluids” 
(1942, second edition 1952), “Advanced 
Mechanics of Materials” (1946), “Me- 
chanics of Materials” (1948), “Similitude 
in Engineering” (1950) and “Elements 
of Nuclear Engineering” (1961). He has 
also served in an editorial capacity for 
publishers of engineering handbooks and 
a series of mechanics texts. 


Although Dr. Murphy’s research in- 
terests have been largely in the principles 
of similitudes stress analysis and proper- 
ties of materials, his desire to stimulate 
each of his many graduate students to 
work in the field in which the student 
was interested has led their mutual in- 
quiries into many technical areas. Recent 
research of Dr. Murphy and his students 
has included properties of metals at ele- 
vated temperatures, radiation shielding 
effects, the transient behavior of nuclear 
reactors, the properties of irradiated 
materials and the basic mechanism of 
underground blasts. From the strictly 
practical point of view, he has been re 
sponsible for the acquisition of the nu- 
clear reactor and other laboratory facili- 
ties in the Department of Nuclear 
Engineering and the direction of a de- 
partment which serves some fifty grad- 
uate students in nuclear engineering. 

Dr. Murphy’s abilities were recognized 
by his colleagues on the engineering 
faculty at Iowa State when in 1956 he 
was named the first Anson Marston Dis- 
tinguished Professor. 


He has been active in the American 
Society for Engineering Education since 
1929. He served twice as member of the 
council, representing the Mechanics Divi- 
sion in 1946-47 and the aeronautical 
division in 1953-55. He was chairman 
of the Mechanics Division in 1949-50 
and for several years was editor of the 
“Mechanics Division Bulletin.” He was a 


member of the committee on evaluation 
of engineering education (the Grinter 
Committee) and chairman of the task 
force on the nature and properties of 
materials of the follow-up committee on 
evaluation of engineering education. As 
chairman of the ASEE-ANS Committee 
on Objective Criteria in Nuclear Engi- 
neering Education, he is directing a study 
of the significant attributes of nuclea 
engineering education. He served as vice 
president of ASEE between 1957 and 
1959. 

Dr. Murphy has also been active in 
other professional organizations. He is a 
Fellow of the Royal Society of Arts, an 
Associate Fellow of the Royal Aeronau- 
tical Society, and a member of the Ameri 
Civil 
American Society of Mechanical Engi- 


can Society of Engineers, the 
neers, the Institute of Aerospace Sciences, 
the American Society for Testing and 
Materials, the American Nuclear Society, 
and the Iowa Engineering Society. He 
served as chairman of the committee on 
experimental analysis and analogues of 
the Mechanics Division of the American 
Society of Civil Engineers in 1954-56. 
He is a member of Tau Beta Pi, Sigma 
Xi, Phi Kappa Phi, Pi Tau Sigma and 
Chi Epsilon. He 
sional engineer in the State of Iowa 


is a registered protes- 


Dr. Murphy’s consulting activities in 
clude work with the Argonne National 
Laboratory of the Atomic Energy Com- 
mission, the Air Research and Develop- 
ment Command, the U. S. Army Cold 
Research Laboratory and_ the 
U. S. Waterways Experiment Station. As 
a member of the Nuclear Education Com- 
mittee of the Associated Midwest Uni 


Regions 


versities, he is working for a strong liaison 
between universities and government 
laboratories 

Dr. Murphy's accomplishments were 
recognized by the American Society for 
Engineering Education in 1951 when he 
was named the recipient of the George 
Westinghouse Award, recognizing him as 
the outstanding young engineering teach 
er of that year. In 1952 and ‘53 he was 
a national lecturer for the American So- 
ciety of Mechanical Engineers 
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As an engineering teacher, Dr. Murphy 
insists on rigor and thoroughness, and has 
high standards of performance. He is 
quick to note and appreciate the keen 
searching mind of a competent student 
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and he gives unselfishly of his time in 
working with students. Dr. Murphy 
represents the type of engineering teacher 
that is needed to advance engineering 
education. 


New Officers for ASEE 


G. A. HAWKINS 


George Andrew Hawkins, Dean of En- 
gineering at Purdue, is ASEE Vice Presi- 
dent-elect for Instructional Divisions for 
1962-64. 

George Hawkins graduated from the 
School .of Mechanical Engineering at 
Purdue University in 1930. He joined 
the staff that autumn as assistant in Ap- 
plied Mechanics while pursuing grad 
uate study which led to his master’s de- 
gree in 1932 when he became an in- 
structor. During the summer of 1933 he 
studied advanced mathematics at the 
University of Denver. He continued his 
graduate study at Purdue University, and 
received his Doctor of Phi osophy degree 
in 1935. In 1938-39 he took a part-time 
leave of absence to study under the late 





Dr. Max Jakob who had just come to 
this country from Germany. 


In 1936, Dr. Hawkins was transferred 
from the Department of Applied Me- 
chanics to the School of Mechanical En- 
gineering, advancing to full professor- 
ship in 1942. He was named Westing- 
house Research Professor a year later. 
From July 1, 1949, to June 30, 1950, he 
was visiting professor of engineering at 
the University of California at Los An- 
geles. His duties at Purdue University 
have also included the assistant dean- 
ship of the Graduate School (July 1, 
1947, to July 1, 1950), 15 months of the 
time as acting dean. On July 1, 1953, he 
assumed the position of Dean of En- 
gineering and Director of the Engineer- 
ing Experiment Station, succeeding the 
famous Purdue University Dean of En- 
gineering, Dr. A. A. Potter. 

For many years, Dr. Hawkins was also 
on the staff of the Engineering Experi- 
ment Station and was made Associate Di- 
rector July 1, 1950. In his research ca- 
pacity, he performed a number of note- 
worthy investigations. He collaborated 
with Dean A. A. Potter and Dr. H. L. 
Solberg in studies of high pressure and 
high temperature steam. One of his hob- 
bies—rifles and pistols—led to his selec- 
tion to direct the U. S. Army Ordnance 
research project, which brought a special 
citation during World War II to Purdue 
University from the War Department for 
developments leading to improved auto- 
matic weapons. For this activity he re- 
ceived the War Department Certificate 
of Appreciation. In 1940, at the Annual 
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Meeting of the American Society of Me- 


chanical Engineers, he was awarded the 


Pi Tau Sigma gold medal. 

In 1953 he was sent to Europe on a 
special mission for the War Department 
and later studied technical education at 


several English universities. In 1955 he 


again visited Europe on a Navy mission. 

Dr. Hawkins is author or joint author 
of five college textbooks and the author 
of more than one hundred and fifty ar- 
ticles on engineering many 
stemming from his research work. He 
serves as consultant for a number of in 
dustries and for governmental and othe: 


subjects, 


organizations. 


Archie Higdon 


Colonel Archie Higdon of the U. S. 
Air Force Academy is ASEE Vice Presi- 
dent-elect for Sections West of the Mis- 
sissippi, 1962-64. Formerly of Ames, 
Iowa, Colonel Higdon has been assigned 
to the faculty of the Air Force Academy 
since October 1954. He is a permanent 
professor and head of the Department of 
Mechanics. From 1954-56 he was the 
first professor and head of mathematics, 
U. S. Air Force Academy. From 1959- 
61 he was professor and head of physics 
as an additional duty. 


Colonel Higdon, a native of Saline 
Missouri, attended South Dakota State 
College and received his baccalaureate 
degree in 1928. He was appointed a 
graduate mathematics at 
Iowa State University where he continued 
his studies and received his master’s de- 
gree in 1930. He accepted the position of 
Instructor of Mathematics at North Da- 
kota State College and four years later 
returned to Iowa State University where 
he completed the work on his doctorate 
in 1936. 

Colonel Higdon remained at Iowa 
State University until 1942 in the position 
of instructor and later Assistant Profes- 
Theoretical and Applied Me- 


assistant in 


sor of 
chanics. 

Colonel Higdon’s military career dates 
back to 1925 when he enlisted in the 
National Guard. He was a member of the 





Reserve Officers Training Corps while at 
South Dakota State College and was com- 
missioned a Second Lieutenant in the In- 
fantry upon graduation. He was called 
to active duty in August 1942 and trans- 
ferred to the Air Corps. During World 
War II he served at Kearns, Utah, and 
later at Sheppard Air Force Base, Texas, 
as Assistant Director of Basic Training 
and then as Base Assignment Officer. 

Upon release from active duty in Au- 
gust 1946, Colonel Higdon returned to 
lowa State University and was appointed 
Associate Professor of Theoretical and 
Applied Mechanics. He advanced to the 
academic rank of professor in 1949. Also 
in 1949, Prentice-Hall, Inc., published 
the ‘widely used textbook “Engineering 
Mechanics” of which Colonel Higdon 
was co-author with William B. Stiles, 
now of the University of Arkansas. Colo- 
nel Higdon coauthored “Mechanics of 
Materials,” published by John Wiley & 
Sons, 1960, with Edward H. Ohlsen and 
William B. Stiles. 


During the period from June 1949 to 
April 1951 Colonel Higdon served as 
Commanding Officer of the Maintenance 
and Supply Group of the 438th Troop 
Carrier Wing (Reserve) at Omaha. Ne 
braska. He was recalled to active duty in 
April 1951 and was assigned to the 








10 


m- 
in- 


Id 








June, 1962 NEW OFFICERS FOR ASEE 


Headquarters of the Fifteenth Air Force 


as a Management Analyst. In May 1952 
he was reassigned to the Department of 
Mechanics at the United States Military 
Academy as an Instructor and later an 
Associate Professor, where he remained 
until assigned to the Air Force Academy 


George D. Lobingier 


George D. Lobingier, Director of the 


Educational Department of the Westing 
house Electric Corporation, is ASEE 
Treasurer-elect for 1962-63. He is a grad 
uate of Lafayette College and received 
his M.A. degree from Pennsylvania State 
University in 1936. Betore going to West 
inghouse, Mr. Lobingier was with Penn 
sylvania State University in various teach 
ing and administrative posts 

He has been associated with Westing 
house since March 1945. As Director of 
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the Educational Department he is respon- 
sible for the over all direction of the 
company’s recruitment of college grad- 
uates, its Graduate Student Training 
Course, its continued education pro- 
gram, its general relationships with de- 
gree-granting institutions throughout the 
country, and the development of profes- 
sional employees of the company. He as- 
sumed this position in 1953 after being 
Manager of Professional Employment in 
the Educational Department. He is also 
Executive Secretary of the Westinghouse 
Educational Foundation. 

Mr. Lobingier has been a member of 
the American Society for Engineering 
Education since 1945. He has served as 
Chairman of the Relations with Industry 
Division and was a council member rep- 
resenting R.W.I. in 1953-55. He is a long- 
time member and former chairman 

1951) of the Manpower Committee of 
ECAC. He is currently vice chairman 
and acting chairman of the Graduate 
Studies Division, and chairman of the 
Financial Policy Committee. He is a 
member of the American Institute of 
Electrical Engineers, where he has been 
chairman and is now a member of the 
Fortescue Fellowship Committee, and is 
a member-at-large to the Professional De- 
velopment and Recognition Department. 
He is a commissioner of the Engineering 
Manpower Commission of the Engineers 
Joint Council, as one of the representa 
tives of AIEE. He is currently chairman 
of the standing committee on Develop- 
ment of Young Engineers of the Engi- 
neers Council for Professional Develop- 
ment. In the past, he was quite active in 
various college placement associations, 
having helped to organize several, and 
in re-establishing the College Placement 
Council and its Journal of College Place- 
ment 








Engineering Education Circa-2012 A.D. 


W. L. EVERITT 


Dean of Engineering, University of Illinois 


“For I dipt into the future far as human eye could see... .” 


Engineering will be acknowledged as 
the most learned profession by 2012 A.D. 
The explosion in the breadth of knowl- 
edge needed for its practice will have 
made preparation for an engineering ca- 
reer both rigorous and extensive. Full 
professional recognition will be available, 
except in unusual cases, only to those 
who have completed formal educational 
programs in 
equivalent to or exceeding our present 
doctorates. However, the time required 
by a student to reach this goal will vary 
widely, because educational methods will 
be adjusted to the capabilities of the in 
dividual. 


residence at universities, 


Education Contrasted with Training 


Engineering curricula in educational in- 
stitutions will be recognized as having two 
important and distinct functions which 
must be carried on concurrently: “train 
ing” and “education.” Training is here 
defined as the inculcation of methods of 
procedure, the development of adequate 
vocabularies and skill in communication, 
facility in locating information, expert 
ness in computation and in manipulation 
of mathematical and 
skills developed through the general pro- 
cedure of explanation and demonstration, 
followed by typical exercises with definite 
measures of 


processes, similar 


solutions or performance. 


Published in the Fiftieth Anniver- 
sary issue of the “Proceedings of 
the Institute of Radio Engineers.” 
Reprinted here by permission of 


IRE. 


652 


Tennyson, Locksley Hall 


Education, on the other hand, is defined 
as the broader development of the mind 
enlargement 


and personality—a guided 


of creative ability and understanding, 
Education develops the ability to meet 
new situations with confidence and with 
a degree of wisdom limited only by the 


inherent capabilities of the individual 


Training Methods 
The 


curricula 


training 
will 


portion of 
make 


engineering 
extensive use of 
teaching aids, such as teaching machines 
However, the teaching machines of the 
twenty-first century will have a sophisti- 
cation far beyond that now envisioned 
They will serve as tutors which are very 
responsive to individual needs, so that 
each student can acquire training at the 
most rapid rate which he is able, or will- 
ing, to absorb. Such teaching machines 
will present lectures from recorded tele 
vision tapes in short sequences, with 
feedback from the student, who will be 
required to respond with answers to ap 
propriate questions or by working out the 
solution of illustrative problems. Depend 
ing upon the adequacy and insight of 
these answers, the lecture procedure will 
be modified to meet the needs of the stu 
dent. The entire operation will be under 
the control of computer techniques for 
the storage and interpretation of infor 
mation. Testing and examinations of the 
results of training will also be done by 
machine. 

Every student and practicing engineer 
will have access to adequate computers 


and information storage. Moderate ca 
pacity computers will be miniaturized 
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and reduced in cost, so that each indi- 
vidual will have his own, as he now has 
his slide rule. As his needs arise he will 
also have ready access, through wire or 
radio communication channels, to com- 
puters and memory systems of any re- 
quired complexity. Training of all en- 
gineers in the use of computers will be 
extensive. 


Libraries and Publications 


Perhaps the most dramatic changes will 
come in the “library” of the twenty-first 
century. The information explosion of 
the twentieth century will have made 
necessary the development of entirely 
new means for the storage and retrieval 
of the material in what we now refer to 
as “publications.” Such publications will 
be stored in “memories” and elaborate 
and largely automatic means of classifi 
cation and identification will make the 
search for a particular item of informa- 
tion rapid and certain, and its display 
available at any location. Instruction in 
how to give directions to the information 
storage systems to acquire the desired in 
formation will be an important and not 
inconsequential portion of the “training” 
of the engineer. On the other hand, vis- 
ual reading of books, current literature, 
and video displays will be so important 
that training for rapid reading at rates of 
one thousand or more words per minute 
will be universal in the grade schools 


Educational Development 
Of the Individual 


But, as in the twentieth century, the 
important part of the preparation of the 
engineer will still be in his “education.” 
Here the personal contact between stu 
dent and teacher will still be paramount 
The comment of Booker T. Washington 
will be as valid as ever: 

I am convinced that there is no education 

one can get from books and costly ap- 

“sageene that is equal to that which can 


ve gotten from contact with great men 
and women, 


Relieved of the necessity of spending 
most of their time on the training func- 
tion, devoted teachers will be able to con- 
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centrate their efforts on “education.” 
Personal contact with students will be in- 
creased, because our society will recog- 
nize the importance of this relationship 
and support it. In spite of the use of 
teaching aids, the student/teacher ratio 
will not be increased. Instead, such aids 
will make it possible for faculty mem- 
bers to devote more time to the develop- 
ment of the individual student. The 
more efficient methods used will increase 
the amount of education per student 
rather than the output in degrees per 
teacher. However, the student himself 
will be expected to assume more respon- 
sibility for his own educational develop- 
ment than was common in the first half 
of the twentieth century. 


Emphasis on Creativity and Synthesis 


Since much of the instruction in an- 
alysis can be programmed on teaching 
machines, the engineer of the future will 
be given more education for creativity 
and synthesis. The case or project method 
will be emphasized and laboratory work 
will require originality and the ability to 
relate theory to the physical world in ar- 
rangements novel to the experimenter. 
“Cookbook” experiments will be a thing 
of the past. Early participation in re- 
search projects will be the rule rather 
than the exception. Many advanced 
group laboratory experiments will be in- 
terdisciplinary in character, so that indi- 
viduals with different backgrounds may 
contribute to team solutions of problems 
more complex than those possible for a 
single individual. The guidance of such 
a program will call for teaching ability 
and insight of the highest order. 

Continuing education throughout a 
career will be normal, accomplished to a 
large extent by regular sabbatical year 
exchanges. During such exchanges in- 
dustry and government engineers will ei- 
ther return to universities for further 
study or will exchange positions with col- 
leagues in other organizations. Engineers 
on faculties will participate, through sim- 
ilar exchanges, in industrial research, 
government service, or programs of other 
universities. 








654 JOURNAL OF ENGINEERING EDUCATION _ Vol. 52—No. 10 


Faculty Research 

The primary responsibility of the fac- 
ulty in engineering education will be to 
develop creativity in their students, so 
they must themselves be creative. Non- 
creativity on the part of a faculty mem- 
ber will be recognized at an early stage 
and such individuals will be diverted to 
non-teaching activities within or outside 
the university. The creative programs of 
the faculty will provide means for the in- 
tegration of students at all levels into pro- 
gressively increasing responsibility in en- 
gineering teams. 


Engineering Curricula 

The trends in engineering curricula 
which began in the twentieth century will 
continue. The early part of all curricula 
will have more in common, emphasizing 
basic science, mathematics, and funda 
mental principles of analysis and syn 
thesis common to all engineering. Only 
after a student has demonstrated the thor 
ough understanding of mathematical, sci 
entific and economic fundamentals neces 
sary for creativity at twenty-first century 
levels will he be permitted to continue 
toward his professional goal as an engi 
neer. The essential unity of engineering 
as a profession will be recognized. But 
his advanced program will require that 
he develop an insight into the methods 
As the student 
progresses, he will study some individual 


of solving hard problems 


area more intensively, although the di- 
visions in engineering will not be those 


now common. By pursuing certain areas 


in depth, he will learn to solve, and con- 
tribute to team solutions of, difficult and 
complex problems. Hence, he will need 
to choose an area of emphasis such as the 
Processing of Information,” the “Process- 
ing of Energy,” the “Processing of Mate- 
rials,” or “Biophysical Engineering.” Suf- 


ficient common material in all these areas 
and in the principles of “System Syn- 
thesis” and “Human Engineering” will 
provide for communication between the 
members of engineering groups, but too 
much breadth of subject matter will not 
be obtained at the expense of shallow- 
ness, 

Che importance of emphasis on the hu- 
manities and social sciences will be rec- 
ognized from the grade school on through 
the highest levels of engineering educa- 
tion, as society relies more and more on 


engineers for leadership in business and 


affairs of state. Intensive efforts made to 
develop interpretive programs in these 
areas will also stimulate more engineers 
to pursue programs of self education in 
these fields throughout their careers 


With the continued expansion of engi- 


neering applications, instruction in manu 
facturing processes and in specific tecl 
nological areas and skills will be recog 
nized as a training function whicl 


dustrv must assume entirely 


Conclusion 

If these predictions do come t 
and I feel sure they will, engineering will 
deserve its designation as a “learne ! 


tessior 
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Women in 


Engineering 


A Statement from the Engineering College Administrative Council 


Of the American Society for Engineering Education 


There is at the present time justifiable 
concern about declining enrollments in 
engineering SC hools and colleges through 
out the United States. This downward 
trend Ith engineering is occurring despite 
substantial increases in the college age 
population and in college enrollments 
generally 

In the face of this alarming trend the 
demand for the services of engineering 
graduates continues to rise. The result is 
bound to be a serious shortage detri 
mental to the national welfare 

One source of additional engineering 
resources has been well developed Ihh the 
U.S.S.R. but scarcely touched in the 
United States. One third of the profes 
sional engineers in Russia are women: in 
the United States women in engineering 
are conspicuous by their almost total ab 
sence 

Three or four decades ago, when en 
gineering college students otten wore 
work clothes or coveralls in the labora 
tory, and when professional engineers 
tended to be identified with heavy ma 
chinery, manufacturing processes, con 
struction, sewage disposal, ind other 
fields with similar connotations unattra 


tive to women, the absence of women 


students and women professionals was 
easy to understand and explain But 
these associations are no longer domi- 
nant; engineering today is rooted deeply 
in the sciences and professional engineer- 
ing tasks have many other connotations 
potentially attractive to women. Engi- 
neering today concerns electronics, com- 
puters, mathematical models, missiles 
and satellites, an array of engineering 
problems completely devoid of grime 
and grease. Not only can women be as 
capable and as well rewarded as men In 
these areas but thev will find in the pro 
fessional practice of engineering work of 
great challenge and satisfaction. 

In view of our national needs and of 
the potential capabilities and contribu 
tions of women in engineering, the En- 
gineering College Administrative Council 
of the American Society for Engineering 
Education urges its constituent engineer- 
ing schools and colleges and the universi- 
ties of which they may be a part to plan 
for and vigorously prosecute the recruit- 
ment of qualified women students into 
engineering programs in all fields at both 
undergraduate and graduate levels, in 
preparation for professional careers in en- 


gineering. 
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The Role of Women in Professional Engineering 


WILLIAM G. TORPEY 


Consultant, Executive Office of the President 
of the United States, Office of Emergency Planning 


Increasing attention is being given to 
the role of women in professional engi- 
neering. This concern is accentuated 
from a consideration of at least three fac- 
tors: increasing national demands for 
qualified brainpower, the 
status of enrollments of males in engi- 
neering curricula, and the relatively small 
part which women now play in profes- 
sional engineering. 


engineering 


During the eleven-year period 1949-50 
through 1959-60, for example, 1,027 
earned degrees engineering were 
awarded to women; this figure represents 
0.3 per cent of the total of such degrees 
awarded. This same percentage applied 
at the master’s level; at the doctorate 
level the percentage of degrees awarded 
to women during this period was 0.2 per 
cent. During the academic year 1960-61, 
a total of 135 bachelor’s degrees in engi 
awarded 


in 


neering 


were to women (as 
compared with 35,725 to men); 27 mas- 
ters degrees in engineering were 


awarded to women (as compared with 
7,950 to men); 6 doctor’s degrees in en- 
gineering were awarded to women 
compared with 937 to men 


(aS 


The question is being asked with more 
frequency: why not make better use of 
womanpower in professional engineer- 
ing? The purpose of this article is to de 
scribe highlights of a recent “hard look” 
given to this question at a conference in 
Pittsburgh. Dr. Robert Van Houten, 
President of the Newark College of En- 
gineering and President of ASEE, was 
one of the key speakers at the conference. 


The Conference Approach 
The 
program 


utilization 
Emergency 


technical 
of the 


manpower 


Office of 
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Planning, Executive Office of the Presi- 
dent, involves a series of 
ences held throughout the United States 
The of 


three-fold: (1) to review up-to-date in- 


local confer- 


purposes such conferences are 
formation on recent trends in the scien- 
tific and engineering manpower field, (2 
to permit an interchange of ideas on the 
subject of scientific and engineering man 
power utilization among key individuals 
representing employers, educational in 
stitutions and professional and _ technical 
societies, and (3) to stimulate self-an- 
alysis and subsequent “follow-through” 
action by conferees having manpower re 
sponsibilities. Under this program, which 
was instituted by the President's Commit- 
tee on Scientists and Engineers in 1957 
(the ASEE was 
mittee 
already been held; several more confer 
ences will be held during the next few 


months. 


a member of the com- 


a total of 60 conferences have 


The Pittsburgh conference was unique 
in that it was the pioneer conference in 
the series dealing specifically and solely 
with the role of women in professional 
engineering. This conference was spon 
by the College 
University of Pittsburgh, and the Societ 
for Women Engineers; it was held on the 


sored of Engineering 


Pittsburgh campus on April 23-24. Rep 
resentatives of small and large employers 
of engineers, of professional and techni- 
cal societies and of secondary and colle- 
giate level (including engi- 
neering educators) constituted the ma 


education 
jority of the conferees. 


Observations 


Throughout the two-day sessions the 


attitude of the speakers indicated that 
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the problem of enhancing the role of 
women in professional engineering is 
complex: there are no simple “cure-all” 
approaches which can be taken tomorrow 
to solve this problem. Secondly, several 
speakers pointed out that increasing the 
availability of education and training for, 
and the employment of, women as pro- 
fessional engineers is a time-consuming 
process: speakers remarked that time is 
necessary in order to initiate, effectively, 
positive policies and practices. From the 
array of many different workable policies 
and practices explained at this conference, 
the best approach, it appeared, is for the 
individual institution or organization to 
select a few pertinent policies and prac- 
tices applicable to the institution or or- 
ganization, and drive away at these, 
rather than to attempt to inaugurate sev- 
eral suggested policies and practices at 
the same time; in other words, the tenor 
of speakers was that the problem of de- 
veloping and attaining effective utiliza 
tion of women as professional engineers 
constitutes a long row to hoe, through a 
kind of pick and shovel approach, with 
sustained individual effort required in 
connection with each single improvement 
attempted. 


Ideas discussed by several speakers 
suggested that already some progress has 
been made in introducing efficient polli- 
cies, methods and techniques to attract 
and retain women as professional engi 
neers. But from the range of informa 
tion covered during the conference, it 
was clear that much more remains to be 
done if the nation is to reap the benefits 
from optimum utilization with respect to 
education, training and employment of 
women in this field. 


“Follow-Through” Suggestions 


The range of “follow-through” sugges 
tions made by participants at this con 
ference is broad and includes person 
nel, as well as educational, policies and 
methods. A variety of the suggestions 
pertain only to guidance personnel, while 
others apply to educators in institutions 
beyond the high school or to organiza- 
tions. Still other suggestions apply pri 
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marily to employers of engineering per- 
sonnel. Close attention to all of the com- 
ments of participants indicates that a total 
of at least 75 positive suggestions were 
made at this conference for increasing 
the role of women in professional engi- 
neering. Some of the “follow-through” 
suggestions may be summarized as fol- 
lows: 


Develop and stress a simple, descrip- 
tive definition of the term “engineering. 

Promote social acceptability of the role 
of women in engineering positions. 

Motivate youth more effectively to 
choose engineering programs by increas- 
ing the prestige of engineering jobs and 
by offering more scholarships and prizes 
to youth worthy of same (some scholar- 
ships and prizes might be restricted to 
girls who wish to pursue engineering ). 

Recognize that girls usually have not 
had the same informal mechanical back- 
ground as boys during the adolescent pe- 
riod, and hence offer a wider academic 
background of elementary mechanical 
concepts to girls in order to offer an in- 
telligent career choice in this field. 

Urge employers to stress the role of 
women in engineering through institu- 
tional advertising of employers. 

Stop job discrimination against women 
to the extent it exists. 

Orient educators and employers to a 
sense of urgency with respect to the edu- 
cation and use of technical manpower. 

Consider the practicality of part-time 
employment of women in engineering. 

Give special attention in the guidance 
process to girls who want to pursue en- 
gineering as a career and who have dem- 
onstrated aptitude for such work. 

Recognize that for some job tasks re- 
lated to engineering women excel men. 

Review (and modify as appropriate 
personnel policies of the organization to 
assure proper development, placement 
and utilization of qualified women in re- 
sponsible engineering jobs 

Continue (or establish) equal oppor- 
tunity for all youth who desire to receive 
education in engineering. 

Educate the public (parents, women’s 
groups, societies, etc.), however and 
whenever possible, concerning opportuni- 
ties for women as engineers; make such 
opportunities as well as take such oppor- 
tunities. 

Assure that employer recruiting mate- 
rial specifies job opportunities for women 
as engineers, as appropriate. 


Collaborate with local guidance offi- 
cials in arranging special one-day pro- 
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gram for selected high school girls who 
are scholastically qualified for engineer- 
ing as a career. 

Point out to all concerned that mar- 
riage and a career as an engineer are com- 
patible with adult womanhood. 

Improve the public image of the engi- 
neer. 

Rely on guidance counselors as one key 
channel of communication in the educa- 
tional process. 

Begin counseling in the school system 
at as early a period as possible, preferably 
in the ninth grade. 

Use all public media to disseminate in- 
formation on the education, training and 
utilization of women as engineers. 

Assure that counselors are kept up-to- 
date on occupational changes resulting 
from the growth of technology. 

Keep in mind that the counselor's job 
is to inform, not to make individual ca- 
reer decisions. 

Consider the feasibility of accelerated 
efforts at all levels of government through 
such means as bulletins, state and local 
counseling meetings, summer institutes 
for guidance personnel, manpower con- 
terences, etc. 

Develop additional career information 
on women as engineers to fill the void in 
data currently available to parents and 
counselors. 


Introduce as much math and science as 
possible into high school curricula ( with- 
out specific requirement) so that. stu- 
dents can think analytically and can ap- 
preciate the role of engineering in every 
day life. 

Ascertain that counselors have lists of 
speakers versed in the role of women as 
engineers and available to participate in 
career programs. 

Revise college catalogues to clarify ed- 
ucational opportunities for women in en- 
gineering 


Careful consideration of the addresses 
given, research presented and discussion 
sessions held at the conference suggests 
five conclusions: (1) the greatest loss of 
talented manpower in the United States 
appears to be talented womanpower; (2 
greater utilization of womanpower in pro- 
fessional engineering is necessary if the 
needs of the decade for qualified engi 
neering personnel are to be met; (3) the 
role of women in professional enginee1 
ing as practical partners in the nation’s 
scientific and technical effort is increas 
ing but at a very much slower pace than 
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seems practical; (4) a keener apprecia- 
tion of the problems associated with at- 
tracting and retaining more women in 
engineering positions and more, positive 
follow-through actions—long-range and 
short-range—to solve these problems are 
required, and (5) the need for closer and 
more realistic cooperation among par- 
ents, guidance counselors, officials of ed- 
ucational institutions, employers, profes 
sional and technical societies, government 
and other interested organizations, is very 
apparent. 


Since the ultimate purpose of the con- 
ference was to stimulate action, a final 
evaluation of the conference cannot now 
Such evaluation will depend 
specifically on collective and individual 


be made 


follow-up action resulting from the con- 
ference. It was agreed that the end of 
consideration of the problem of the con- 
ference should not come with the ad- 
journment of the final session. Individ- 
ual conferees indicated that they will 
give careful consideration to the total 
suggestions made by the speakers and 
seek to implement such suggestions as 
deemed appropriate. Conference plan- 
ners are now in the process of critically 
reviewing and analyzing the total sug 
gestions made by the conferees prior to 
the calling together of a small number of 
participants of the conference, represent- 
ative of the basic groups involved, for 
the purpose of reviewing, collectively, 
the quality of the suggestions and of des 
ignating responsibility for implementing 
appropriate items. Facilitating or effect 
ing subsequent collective and/or indi 
vidual action will be determined on the 


basis of all evidence developed 


No one presumes that the holding of a 
single conference will generate sufficient 
action to eliminate the problem of how 
to obtain maximum utilization of quali 
fied womanpower in professional engi- 
neering work. However, great expecta- 
tion was expressed by the speakers that 
practical solutions to this difficult prob- 
lem will be more effectively implemented 
with the continued interest and attention 
of the membership of distinguished na 
tional organizations like the ASEE 

















The Need for Research on Problems of 
Engineering Education 


H. W. BARLOW 


Academic Director, Air Force 
Wright-Patterson Air Force Base 


Institute 
Ohio 


A census taker was endeavoring to get 


some information from an agricultural 
worker in one ot the less ady anced areas 
of our country. When he asked the ques 
tion, “Where is the place of your employ 
ment?” the 


question, said “The what?” 


understanding the 
> The plac eS 


man not 


of your employment.” “I don’t under 
“Where do you to work?” 
was, “Well, Mister, I don't 


I’m just surrounded 


stand.” go 
The answer 
have to go anvwhere 


with it.” 

This is precisely the situation in which 
find with to the 
problems of engineering education. We 


are surrounded with them and with a tre 


we ourselves relation 


mendous need for research to solve them 
The March 1961 Engineering and Scien 
tific Manpower Letter brought us again 
to face the fact that engineering freshman 
enrollments have dropped for the third 
consecutive year. Despite a 12.4 per cent 
rise in total college freshman ¢« nrollments 
1960-61 ar, the 


proportion of entering freshmen, of the 


during the freshman ve 


total freshman enrollment, has declined 
steadily from 10.8 per cent in 1957 to 7.3 
per cent in 1960. The report goes on to 
say, “Unless the pattern of transfers and 
the 


supply of engineering graduates will be 


retention rates change dramatically 


Pre sente d at the 69th Annual Vi et- 


ing of the American Society for 
Engineering Education, University 
of Kentucky, June 26-30, 1961, to 


a joint session sponsored by th 
Educational Methods Division 
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of Tec hnology 


at or below the present level for the next 
four to six years.” This may sound good 
to those who are looking for jobs, but it 
certainly is not the kind of an answer we 
need if we are to produce the young men 
to the 


1 
country In the vears to come 


meet needs of engineers in our 
The figures 
for 1961 have not brightened the picture 


appreciably. 


S. C. Hollister, former president of this 
Society, savs in an editorial in The Engi- 
neer for 1961, “In the face of the accel 
erating demands for its services, at a con 
stantly increasing level of sophistication, 
not only scientifically, but humanistically 
and socially as well, the numbers enter 
ing the profession at the moment are de 


n proportion to our expanding 


creasing 


population. There is no general under 
standing of the responsibility the profes 
sion faces, and no generally accepted un 
derstanding of the importance to the na- 
tion that the services rendered by it must 
be but 


There is no accepted clear image either 


not only sustained enhanced. 
within or outside the profession, to serve 
as a guide to supplying needs for its serv 

ices with proportionately fewer persons, 
with broader training, with deeper scien 
tific preparation, and with no slackening 
of the professional sense ot dedicat 0 

Phere is no concerted effort now at work 


seek Ing 


answers to the many queries that 
must confront the protession, vet a solu 


tion must be worked out and soon.” 
Che beginning of that solution lies with 
the Learning can be 


made 


engineering ¢ ollege. 


easier and more fun, less routine. 
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less learning by memory work. Why are 
more young people going into fields of 
science rather than in engineering? Lots 
of us have tried to find out without too 
much success. Some answers might be: 
(1) it is more glamorous, (2) it’s easier, 
(3) you don’t have to spend so much time 
in college (120 semester hours vs. 154). 
This trend must be reversed and ways 
must be developed whereby we can in- 
terest the bright young people in this 
country in careers in engineering. Let's 
show them that we are versatile, aggres- 
sive, and ingenious. Let’s show them that 
engineering is fascinating, rewarding and 
productive and that we, the engineering 
teachers, are living examples of the men 
in our profession and we represent the 
best. Let us then prove it by developing 
new methods, new ideas, and new sys- 
tems of engineering education that will 
draw the best minds into our profession. 

Fortunately, engineering educators are 
beginning to develop a growing climate 
of receptiveness towards educational re- 
search. They seem increasingly anxious 
to see their educational problems _at- 
tacked with the same vigor, skill, inge- 
nuity, and thoroughness with which other 
engineering problems have been solved 
traditionally. This was one of the find- 
ings of the committee on the develop- 
ment of engineering faculty. Six months 
ago I felt that there was all too little in- 
spired thinking, planning or experimen- 
tation in educational methods related to 
engineering. The best that the United 
States Office of Education could dredge 
up at that time, for a period existing be- 
tween 1956 and 1960, was 13 articles on 
“Research on Teaching and Engineering 
and Related Subjects” dealing with en- 
gineering instruction and curricula; of 
these only 9 were written by engineering 
teachers or administrators. However, as 
one goes through more recent articles and 
miscellaneous publications that come 
across his desk, there seems to be an in- 
creasing response to this great need of 
finding out how we can do our job of en- 
gineering teaching better. 

The initiation of educational experi- 
mentation in methods designed to enable 
us to educate more students and do a 


better job of it must come primarily from 
the faculty and with the assistance of ad- 
ministrative officials. I'd like to quote the 
report of ASEE’s Committee on the De- 
velopment of Engineering Faculties: “Of 
all the educational issues upon which fac- 
ulty members are divided, few are as 
emotionally charged as the subject of fac- 
ulty utilization. Some teachers seem al- 
most to have forgotten that learning is 
an activity in which the human organism 
naturally engages, and that the teacher 
is merely society's way of making this 
learning more certain, rapid, and orderly. 
Forgetting that the student, not the 
teacher, is the active agent in the learn- 
ing process can give a teacher a grossly 
exaggerated view of his own indispensa- 
bility in the educational process. The 
outbursts against television are just a 
foretaste of what is to come when teach- 
ing machines begin to play a more prom- 
inent role. Many view with alarm the 
fact that such things as movies and tele- 
vision reduce the opportunities which a 
student has for personal attention. But, 
the contention that movies and teaching 
machines have a part to play in the edu- 
cational enterprise, in no way denies that 
the student has need for a close personal 
relationship with the teacher. Rather, it 
simply calls into question the notion that 
the student needs such experience every 
day, from every teacher for 16 to 18 
years.” 

This points up another important rea- 
son why we need research on the prob- 
lems of engineering education. We do 
not have and will not have sufficient 
teachers in engineering subjects to handle 
adequately the students that we now have 
if we use our present pedagogical meth- 
ods. New ideas, new methods, new con- 
cepts, new devices, and above all a ren- 
aissance of thinking are needed if we are 
to be able to handle successfully even a 
fraction of the task that faces us. From 
the neophyte teaching assistants to the 
deans of engineering, we must challenge 
our current methods and improve them 
to the point where we can do a superb 
job qualitatively on a greater number of 
students with fewer teachers. By no 
stretch of the imagination can there be 
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recruited enough teachers of engineering 
subjects to meet the sheer weight of stu- 
dents which will soon engulf us. Just as 
the engineer has developed methods for 
mass producing physical goods for the 
needs of our people, so must we derive 
successful methods of mass education. 

It always has been delightful to con- 
template the beautiful relationship of the 
two-ended-log method of education, the 
one teacher to one student ratio, but it 
is pure nostalgia. We will be handling 
50-60 students per teacher and will be 
expected to do a much better job of 
teaching with them than we ever thought 
possible with ten students per teacher. 
It has been done and is being done today 
successfully on a small scale. The theory 
that the quality of learning is inversely 
proportional to the size of the class has 
been proven to be false. 

We must strive also to see that insofar 
as it is humanly possible to do it, every 
student is challenged to get the best edu 
cation that he can absorb. Along with 
the challenge to the student, we must 
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provide leadership and teaching that will 
give him every opportunity to meet this 
challenge successfully. The exceptional 
student must be educated so that his po- 
tential for leadership can be developed 
to its utmost. Much can be done to ex- 
cite and drive upward even the medi- 
ocre student. 

It is with a great sense of urgency then 
that I feel we must look seriously at the 
problems involving quantity and quality 
instruction that soon will be facing us. 
Furthermore, when we find things that 
work, when we find successful methods 
and ideas, we must communicate them 
to the rest of our colleagues. I am sure 
that there is a great wealth of material 
describing exciting, valid, new experi- 
ments, but it has never been written up. 
The JouRNAL OF ENGINEERING EDpDuCA- 
rion is the place in which this material 
should appear. The need for research in 
solving these problems is tremendous as 
is the need to communicate our findings 
to our colleagues for verification or for 
duplication 


NSPE ENDORSES OFFICE OF SCIENCE AND TECHNOLOGY 


A spokesman for the National Society of Professional Engineers has urged Con- 
gress to endorse President Kennedy's Reorganization Plan No. 2 to establish an Office 
of Science and Technology in the Executive Office of the President. 


Paul H. Robbins, executive director of the 58,000-member group, appeared 


before the House Subcommittee on Reorganization during hearings on House Resolu- 
tion 595 calling for disapproval of the President’s plan, which was submitted to Con- 
gress on March 29. The plan will become effective within sixty days following sub- 
mission unless disapproved by either House. Under the President’s reorganization 
powers, the proposal may not be amended by Congress. 

The NSPE Executive Director, in urging Congress not to disapprove the Presi- 
dent’s plan to coordinate the Government’s engineering and scientific efforts through 
an Office of Science and Technology, noted that the National Society had prepared 
a “White Paper,” last year, which recommended a similar office be established by 
legislation 

Although the proposed office does not recognize “engineering” in its title, the 
NSPE spokesman stated he hoped that the head of the new office would “recognize 
the importance of engineering, not only in content and contribution (but) by the 
separate identification of engineering and its function in the Office, thereby avoiding 
the popular misconception that all technical activity is “science.” 











Some Aspects of Interdisciplinary Research 


Notes on Interaction Between Engineering and Biology and Medicine 


Throughout the evolution of 


science 


there have been a number of notable ad- 


vances achieved by the collaboration of 
two or more disciplines, but not until re 
cent years has there been a very sig- 
nificant recognition that interdisciplinary 
research can be rewarding and, indeed, 
is necessary if certain goals are to be 
attained. Today medical scientists are 
seeking more and more the assistance of 
engineers in the development of data col 
lection and analysis devices, in the de 
velopment of artificial organs, and in the 
development of therapeutic equipment 
And engineers are discovering that some 
of the elegant designs found in nature 
can be useful in solving engineering prob 
lems. But all too often in collaborative 
ventures one discipline becomes more 01 
less a service group to the other and 
true synergistic action 1s not achieved. 
Recognizing these trends, the Divisions 
of Engineering and Industrial Research. 
Medical Sciences, and Biology and Ag 
riculture of the National 
- National Research 
elected to hold, on April 2, a joint meet 
ing to highlight some of the past achieve 


Academy of 


Sciences Council 


ments effected by collaboration between 
workers in the fields of biology, medicine 
and engineering. The chairmen of the 
three divisions served as co-chairmen for 
an afternoon session and Dr. Detlev W. 
Bronk, President of the National Acad 
emy of Sciences, presided at the evening 
session. 


Richard C. Jordan, chairman of the 
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Division of Engineering and Industrial 
Research, opened the meeting by citing 
the increasing need for interaction be 
tween the biological, medical, and engi- 
neering sciences and pointed out. that 
work in prosthetics and circulatory studies 
were illustrations of successful coopera- 
tive efforts between engineering and the 
life sciences. Similarities between certain 
man-made systems and biological svstems 
were noted to point out the possibility of 
benefits that 
disciplinary efforts. 


might accrue from inter 


\ motion picture prepared bv the 
Moody Institute of Science, Inc., of Los 
Angeles, entitled “Engineering Solutions 
in Living Systems,” was shown. Depicted 


were such biological systems that are 
analogous to engineering systems as the 
radarlike svs 
tems of the electric eel, the infrared de 
tection abilities of the 

sonar-like faculties of the bat, and_ the 


spiders 


electrical generation and 


7 } ] 
rattiesnake the 


structural designs employed by 
William O. Baker, vice 
Bell Telephone 


in speaking of past and potential achieve 


preside nt of 


research, Laboratories 


ments from the viewpoint of engineering 


} 


sciences, suggested a classification o 


problems into three. levels — molecular, 
cellular, and systemic — and went on to 
describe a number of discoveries made 
during the past 30 vears which demor 
strated 


physical and life sciences. Of especial in 


analogous conditions found in 


terest was the comparison between the 


electronic neuron and the biological 
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neuron. The presentation was closed by 
the prediction that we can expect great 
results in the near future from the much 
closer cooperation between engineering 
and life sciences than we have witnessed 
in the past. 

In developing the theme of the meet- 
ing from the viewpoint of the medical 
scientist, Robert F. Rushmer of the De- 
partment of Physiology, School of Med- 
icine, University of Washington, stressed 
the need for quantitative measurements 
of biological functions if advancements 
are to be made In learning why suc h 
functions take place, but added that the 
electronic and other measurement ap- 
paratus designed for commercial appli 
cation are rarely suitable for use in 
biological research. Thus, it is necessary 
for engineers and medical scientists to 
work together closely. This point was il- 
lustrated by 
presently carried out by a biomechanics 


a presentation of the work 


team, under the direction of the speaker, 
in the field of the circulatory system. An 
analysis of research concerning the cit 
culatory system reveals that for those 
areas in Which research is not being pet 
formed, adequate measurement tech 
niques are lacking. 

Dr. Rushmer considers that the quality 
of much of the present-day research 
leaves a good deal to be desired and of 
fered several suggestions for improve 
ment, among them the strengthening of 
the medical curriculum for those students 
who seem most qualified to enter research 
and the establishment of an annual 
awards system for the recognition of out 


standing research. 


Wesley A. Clark, Jr., of the Lincoln 
Laboratory, Massachusetts Institute of 
Technology, after pointing out that most 
electronic computers in use today are 
business machines and that the small re 
search group generally requires more 
versatile equipment, des ribed ind dem 
onstrated a compact digital computer de 
signed and developed by the Lincoln 
Laboratory especially for use by small 
research groups. 

Mr. Clark stated that in all likelihood 
most of the experimental data arising 
from biological research over the next 
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decade or two will come from studies of 
the central nervous system. The complex 
problem of understanding the mecha- 
nisms of the brain—its coding and trans- 
mission of information, its integration of 
sensory data into ongoing processes, its 
ability to remember, to perceive, to learn, 
to command action—will without doubt 
call forth the best of the analytical tools 
that the information-processing and com 
munication sciences can provide. 

In the discussion that followed, Dr. 
Rushmer, when requested to expand his 
remarks concerning medical curriculum 
stated that extreme caution must be dis- 
played in introducing changes, but he felt 
that the full learning potential of most 
students is not being tapped. Mr. Clark 
felt that it was exceedingly important 
to make computers available to future re 
search personnel as early as_ possible; 
once digital theories are understood en- 
tirely, new approaches can be made to- 
ward the solution of problems. 

Dr. Bronk, introducing the evening 
Dr. Philip M. Hauser, Depart 
ment of Sociology, University of Chicago, 
reflected upon some of the trends that 
had brought the physical and life sciences 
closely together and cited the work of 
the Population Council which had been 


initiated eight vears ago 


speaker 


The meteoric rise in human population 
of the world—from one billion in 1850 to 
three billion in 1962, with projections of 
an additional billion by 1977 and. still 
another billion by 1987—was cited by Dr. 
Hauset as being caused chiefly by col- 
tributions made bv the engineering, bio 
logical, and medical sciences. If the 
present growth rate continued, he 
warned, in less than 800 years there 
would be only about one square foot of 
land area for each person. Dr. Hause 
stated that to date the social sciences 
have failed to learn enough to be able 
to induce among the various peoples ot 
the earth sufficient incentive and motiva- 
tion to control birth rate, and, therefore, 
population size, and challenged the en- 
medical 
sciences to contribute to the solution of 
the present dilemma being brought about 


by the population growth. 


gineering, biological, and 











Engineering in Interdisciplinary Research 


DANIEL HOWLAND 


Director, Systems Research Group 
Engineering Experiment Station 
The Ohio State University 


In general, of course, the contribution 
of research to engineering is theory. The 
scientist develops theory, and the engi- 
neer uses it to satisfy the needs of soc 
iety. The theory the engineer uses may 
consist of explicit, formal statements of 
relationships, such as Ohm’s or Newton's 
laws, or it may be implicit and private, 
developed as a result of experience. It is 
difficult, however, to conceive of an engi- 
neer practicing as a professional without 
some idea of how the phenomena he is 
dealing with are related. If his ideas are 
right, his practice will be successful; if 
they are not, he may get into trouble. 
The choice, then, is not between theory 
and lack of it, but between good theory 
and bad. 


As the engineer finds himself increas 
ingly called upon to work in areas where 
theory does not exist, he must become 
a scientist to develop the needed theory. 
The two activities are different, however, 
a fact of which management is becoming 
increasingly aware. Dr. J. Herbert Hollo 
mon, in an interview, reported in the 
May 22 issue of U. S. News and World 
Report, said, 

We need to keep in mind the difference 

between science and engineering. The 

scientist seeks knowledge and understand- 
ing. The engineer has the task of apply- 
ing knowledge to satisfy man’s needs - 

getting a product out of the laboratory — 
making it available for people to use 


This paper was presented at the 
Annual Meeting of the American 
Society for Engineering Education, 
University of Kentucky, Lexington, 
Kentucky, 26 June 1961. 
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If we look at the kinds of problems the 
modern engineer is being asked to solve. 
we find increasing interest in systems, 
problems in all branches of engineering. 
This is particularly true for the indus- 
trial engineer. Weston discusses a defini- 
tion of industrial engineering which was 
developed at a symposium sponsored by 
the American Institute of Industrial En- 
gineers. According to this definition, 

Industrial Engineering is concerned with 

the design, improvement and installation 

of integrated systems of men, materials 
and equipment. It draws upon specialized 
knowledge and skill in the mathematical, 
physical and social sciences, together wit] 
the principles and methods of engineer 
ing analysis and design to specify, predict 


} 


and evaluate the results to be obtained 
from such systems.’ 


One of the chief difficulties in design 
ing and operating “systems of men, ma 
terials and equipment” is the lack of 
theory to accurately predict behavior of 
the man and machine components in a 
range of operational environments. In my 
view, the chief contribution of interdis 
ciplinary research to engineering is the 
development of theory of man-machine 
systems to serve as a basis for systems 
engineering. 

Since man-machine systems comprise 
many variables, systems researchers must 
either be well trained in a number of 
disciplines, or researchers from a numbet 
of areas must collaborate to develop the 
required theory. 


‘A. Weston, “The Emerging Role of In- 
dustrial Engineering,” Journal of Industrial 
Engineering, Vol. 12, Part 2 (Special Issue 
for Management, March-April, 1961 ) 
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I should like now to discuss some of 
the developments which provide the 
background for current concepts of col- 
laborative research (usually categorized 
as either multi- or interdisciplinary ), pre- 
sent a case history by way of illustration, 
discuss some of the problems which 
arose in the conduct of this study, and 
draw some conclusions from our experi- 
ence. 

To start with the historical background, 
the “mixed-team” approach to operational 
problems was initiated in Britain just be 
fore the onset of World War IL. The prob- 
lems investigated were related to the 
integration of radar in the aircraft early 
warning systems. Success with this prob 
lem led to widespread use of teams of 
mathematicians, statisticians and_biolo 
gists in the war effort.2, Behavioral and 
social scientists were seldom members of 
these teams. Even in the early days, how 
ever, with the motivation of a great na 
tional emergency, difficulties were en- 
countered in conducting the research, 
and most of the productive work was 
done by a senior analyst and his assistant. 

Following the war, the mixed-team 
approach was applied to civilian prob- 
lems, but here again, “the team aspects 
have been more frequently encountered 
in the metaphor than in actuality.”3 In 
spite of the difficulties, the potential of 
the team approach was recognized and 
is often described as one of the import- 
ant characteristics of present day opera 
tions research. For example, Mitten in 
discussing this approach to an industrial 
inspection problem, viewed the team as a 
source of multiple viewpoints and prob 
lem-solving techniques.4 The need for 
the development of procedures to handle 
problems which “cannot be solved effec 
tively within the boundaries of any one 


*F. W. Trefethen, “A History of Opera- 
tions Research,” Operations Research for 
Management. Baltimore: Johns Hopkins 
Press, 1954. 

‘L. J. Henderson, “Organization for Op- 
erations Research,” Operations Research for 
Management. 

*L. G. Mitten, “Research Team Approach 
to an Inspection Operation,” Introduction to 
Operations Research, ed. by C. W. Church- 
man et al. New York: Wiley & Sons, 1957. 
pp. 57-65. 
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discipline” have been reiterated by Ac- 
koff in a recent survey of developments 
in operations research.® 

While the activities of the operations 
researcher have been largely confined to 
production and military problems, other 
groups have been vitally concerned with 
similar problems in another important 
field: health and medicine. Problems in 
this area were summarized by Sheps and 
Taylor in a report of a seminar on re- 
search in health care held at Chapel Hill 
in 1952.6 The seminar attempted to de- 
fine different kinds of team or group re- 
search. The principal categories selected 
were multi- and interdisciplinary research 
defined as follows: 


Multidisciplinary research is a kind of 
group research in which scientists from 
several disciplines work relatively inde- 
pendently, and, 

Interdisciplinary research is also usually 

group research though the individual 

scientist may use the methods and 
theories of two or more disciplines and, 

in fact, may become a specialist in a 

newly-recognized discipline. 

While by no means an exhaustive sum- 
mary of team or group research, these ap- 
proaches are representative. One of the 
principal problems in collaborative work 
has been the fact that multidisciplinary 
research represents an uneasy alliance of 
researchers from different fields attempt- 
ing to solve common problems, and at 
the same time maintain their disciplinary 
integrity. Gomberg has described this 
kind of activity as an “agreement to keep 
out of each other’s hair by layer caking.”? 
The chief problem in making group re- 
search productive has been to find a con- 
ceptual frame of reference for truly in- 
terdisciplinary 
laboration 


communication and col- 


In view of all that has been said by 
experts about the difficulties of inter- 


R. L. Ackoff, ed. Progress in Operations 

Research. New York: Wiley & Sons, 1961 

°C. G. Sheps and E. E. Taylor, Needed 
Research in Health and Medical Care. 
Chapel Hill: Univ. of North Carolina Press, 
1954 

*W. Gomberg, Book review of Labor and 
Trade Unionism, by W. Galenson and S. M. 
Lipset, in Management Science, Vol. 7, No. 
3 (1961), pp. 317-319. 
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disciplinary research, it might seem un- 
wise to exhibit too much enthusiasm 
about this kind of activity, but I will 
take the risk and propose a basis for 
truly interdisciplinary work. As a case in 
point, I should like to summarize the evo- 
lution of a study we were engaged in 
for several years which painfully evolved 
from a multi- to an interdisciplinary ac- 
tivity. This study began as an industrial 
engineering course in methods improve- 
ment in the University Hospital in the 
Ohio State University Health Center. The 
course was given for people in home 
economics, nursing, administration and 
the dietary department. It was run on a 
lecture-project basis. After a few lectures, 
in which the classic tools of methods en 
gineering and some basic statistics were 
discussed, the class was broken up into 
small groups to work on specific hospital 
problems, such as central supply, laundry 
and pharmacy. Data were collected and 
analyzed, and reports prepared. This 
course served as an introduction to the 
vast complexity of a hospital organization 
for the instructor, but the studies which 
were completed, although they were 
sound, orthodox methods engineering, 
had very little impact on hospital opera- 
tions. Accordingly, it was decided to pre- 
pare a proposal for funds to conduct oper- 
ations research studies. It was assumed 
that higher level problems would be in- 
vestigated and that the implementation of 
findings would be more probable. In 
June, 1956, work was initiated on a 
project entitled “The Development of a 
Methodology for Evaluating Patient 
Care.”* Since this was to be an opera 
tions research study, we felt that it was 
necessary to optimize something. From 
our observations in the hospital, it ap- 
peared that the thing everybody was at 
tempting to optimize was patient care 
Since measurement and a model must 
precede optimization, we took the de 


* This investigation was supported in part 
by a Public Health Service Research Grant 
(GN-7797 ) from the Division of Nursing Re- 
sources: Public Health Service. It is part of 
a long-range program in systems research be- 
ing conducted by the Systems Research 
Group, Engineering Experiment Station, The 
Ohio State Univ., Columbus, Ohio. 
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velopment of a method of measuring pa- 
tient care as our first objective. We as- 
sumed that patient care could be de- 
scribed in terms of a number of critical 
variables. This formulation of the prob- 
lem led to a multidisciplinary research 
effort, as shown in Figure 1. Sociologists 
investigated status relationships, a tra- 


Figure | 
ORIGINAL DISCIPLINARY FORMULA- 
PION OF PROBLEM 
(Suggested by W. Gomberg, A Trade-union 
Analysis of Time Study. New York: Pren- 
tice-Hall, 1955 
PATIENT 
CARE = A: X A: X As X Ai X 
where 
X Sociological Factors 
X2 = Psychological Factors 
Xs = Physiological Factors 
Xs = Physical Factors, and 
A ss see Respective weight, determine: 
by expert opinion 


ditional sociological variable.” Psycholo 
gists were concerned with the contribu 
tions patients made to their own care, 
and investigated problems of communi 
cations between physician and patient.!” 
Engineers applied allocation models to 
problems of locating hospital facilities, 
and inventory models to blood bank op 
erations.!! Our physician, who was sup- 
posed to investigate medical aspects ot 
the problem, left the team. 


In addition to the studies conducted 
in each of these areas, a great deal of 
staff time was spent in discussing the de 


‘J. W. Evans, Stratification, Alienation and 
the Hospital Setting: a Study in the Social 
Psychology of Chronic Illness ( Engineering 
Experiment Station Bulletin) Columbus: 
Ohio State Univ., Vol. 29, No. 6 (1960 
M. Seeman and J. W. Evans, “Stratification 
and Hospital Care. I. The Performance of 
the Medical Intern,” Amer. Soc. Rev. Vol 
26, No. 1 (Feb. 1961), pp. 67-80 

’ R. S. Thrush and R. R. Lanese, Hospital 
Patient Communication (Engineering Ex- 
periment Station Bulletin) Columbus: Ohio 
State Univ. Vol. 29, No. 4 (1960). 


"J. P. Sonnendecker and D. W. Millard, 
Industrial Engineering Analysis of a Hos- 
pital Blood Laboratory (Engineering Ex- 
periment Station Bulletin) Columbus: Ohio 
State Univ. Vol. 29, No. 2 (1960). 
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Figure 
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gree to which our activities were inte? 
disciplinary, and what we should do to 
make them more so. As principal inves 
tigator, | attempted to integrate the a 
tivities of the various disciplinary groups 
and develop the basis for an integrated 
attack on the problem. A task resource 
formulation ol the problem as shown In 
Figure 2 was the result. There was a 
great deal of disagreement about whether 
or not this view was truly interdisci 
plinary. I believed it was, but some 
of my colleagues felt it was multidis 
rather than 


sought to develop a_ criterion 


ciplinary interdisciplinary. 
So we 
for distinguishing an inter from a multi 
disciplinary view. We concluded that an 
interdisciplinary view required a com 
mon dependent variable for all disci 
plines, while, in multidisciplinary re 
search, each discipline would view the 
phenomenon in terms of variables tradi 
tionally of concern in this discipline. This 
appealed to all of us as a reasonable dis 
tinction, and an attempt was made to 
specify common dependent variables. 
Lists of variables were reviewed and it 
became evident that common dependent 
variables were not to be found. This 
situation led to considerable pessimism 
about the possibility of interdisciplinary 
research until it was realized that there 


was a way. A common trame of reference 


was supplied by the concepts of cybe1 
netics. Originally defined by Wiener as 
“control and communication in the ani- 
mal and the machine,” '* these concepts 
are familiar in many disciplines ranging 
from homeostasis in medicine and physi- 
ology to quality control in engineering 
Che cybernetic concepts of control and 
regulation of an organism or of a com- 
plex man-machine system provide the 
common dependent variables required for 
interdisciplinary research, the ability of 
the system to maintain itself in a survival 
state, i.e., its stability in the face of dis- 
turbances tending to drive it from this 
state.!*> Accordingly, the patient care 
problem was reformulated in terms of a 
cybernetic model, as suggested by Ash 
by. A detailed discussion of this formu 
lation is beyond the scope of the present 
paper. Briefly, however, we are defining 
patients as members of society who are 
unable to regulate some aspect of homeo 
static equilibrium unaided, and _ patient 
care is defined as regulation by a nurse 
The de- 


gree of regulation achieved by the team 


patient-physician health team 


is measured in terms of the difference 
between actual and desired patient states 


N Weiner, Cybernetics New York: 
Wiley & Sons, 1948 


W. R. Ashby, An Introduction to Cy- 
hernetics. New York: Wiley & Sons, 1957 
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or the ability of the team to minimize 
this difference. This health team, the 
basic medical unit, is conceptualized as 
a servo system. An engineering-nursing- 
physician interdisciplinary research group 
is currently seeking to identify patient 
variables which must be regulated in 
various hospital settings, determining 


Figure 3 
MAN-MACHINE SYSTEM FOR THE 


CONTROL AND REGULATION OF 
DISEASE 
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nurse-physician strategies to achieve reg- 
ulation, and examining the nature of en- 
vironmental constraint on the regulatory 
process. Although much work lies ahead 
in developing the model and validating 
it with data, we have met the basic re- 
quirement for a truly interdisciplinary 
approach, a common dependent variable 
for all disciplines concerned: regulation 
and control of the state of the patient, 
measured in terms of the ability of the 
triad to maintain him in specified states. 

Although the problem is now formu- 
lated in researchable terms, arriving at 
this formulation has been a long and 
difficult task, and a number of formi- 
dable problems were encountered in the 
process. I should like to discuss them 
briefly. They are not listed in any par- 
ticular order of importance. 


Formalism vs. Empiricism 


This problem was the most painful and 
most basic issue we encountered, and 
probably the most fruitless to debate. If 
we had had some background in the 
philosophy of science, it might not have 
been a problem. It took a philosopher to 
point out that the issue was not some- 
thing which we had dreamed up our 
selves, but that it had been argued in 
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science for hundreds of years.'* To take 
sides on this issue is, in my view, the 
height of chauvinistic foolishness. Since 
Newton, the great advances in science 
have come about when formalism and 
empiricism joined forces.!° In some of 
our small projects, one man may embody 
both talents. In others, mathematicians 
join the social and behavioral scientist to 
organize and systematize his observa- 
tions, and assist in the search for regu- 
larities. Simmons and Davis describe dif 
ficulties encountered with this problem 
in terms of the “opposing points of view 
that may conveniently be identified as 
clinical and quantitative.” '® 


Tradition vs. Innovation 


Over the years, certain problems and 
problem areas have become “respect 
able” in various disciplines, and he who 
would succeed must conform to the dis 
ciplinary mores. As Sheps and ‘Taylor 
have pointed out: 


. there are peculiar career risks which 
make scientists hesitate to embark on a 
career in interdisciplinary research. Ca- 
reer lines in interdisciplinary work are 
not well enough established to offer se- 
curity, and at the same time the scientist 
runs the risk of losing professional ac- 
ceptance and chances for recognition and 
advancement in his basic or parent dis- 
cipline.’ 


The researcher who chooses to fly in the 
face of tradition assumes career risks 
which cannot be ignored. Playing it safe 
gets the promotion; playing the maverick 
gets the lumps 


Problem vs. Technique 


This problem is illustrated by the story 
about the drunk who lost his kevs and 


“J. S. Minas, “Formalism, Realism, and 
Management Science,” Management Science 
Vol. 3, No. 1 (Oct. 1956), pp. 9-14 

“J. Bronowski, The Common Sense of 
Science. London: Heineman, 1951. 


“QO. G. Simmons and J. A. Davis, “Inter- 
disciplinary Collaboration in Mental Illness, 
American Journal of Sociology, Vol. 63, No 
3 (Nov. 1957), pp. 297-303 

* Needed Research in Medical Care, p 
11] 
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was looking for them under a street 
light. A passerby indicated that the keys 
were not there. “I know,” replied the 
drunk, “but that is where the light is.” 
This story illustrates a difficulty the OR 
man may find himself in: 
niques to apply, and may be at a loss 
when they are not applicable to the 
problem at hand. Such a situation may 


he has tech- 


require basic research to develop the 
theory needed to solve the problem. 
Support for the required research, how 
ever, may be difficult to obtain. Part of 
the difficulty stems from the time re 
quired to do it. Most sponsors expect 
their problems to be solved by engineer- 
ing methods, not research. They are often 
unwilling to invest the time and money 
that research requires 


Cooperation vs. Competition 


Traditionally, the lone scientist has 
been rewarded for his individual effort, 
and is concerned about the « onsequences 
of working with a team. He may fea 
that he will become a jack of all trades 
and master of none. Problems may also 
arise regarding credit for ideas and au 
thorship of papers since it is often dif 
ficult to sort out individual contributions 
to team efforts. For these and other rea- 
sons, it may be much more pleasant to 
work as an individual rather than to at 
tempt cooperative work, even if the 
pressing problems of our society are not 
amenable to individual attack 


System vs. Component 


Part of the reason for a research team 
is the fact that phenomena of interest are 
multi-variate, and that it is often impos 
sible for any one man to acquire the 
background and training needed to study 
all variables. If a 


phenomenon is to be studied, either an 


multi-dimensional 


individual competent in all disciplines o1 
a team composed of people trained in 
the various disciplines is needed. Re 
search sponsors, anxious for immediate 
answers to their problems, may become 
impatient with the time and cost of de 
veloping multi-dimensional models. As a 
result, component research is more often 
supported because it appears to be more 
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productive and publications result more 
quickly. The problem of integrating 
component data after the fact, however, 
may be insurmountable, as the human 
engineering effort in the military bears 
witness.!8 For the design and manage- 
ment of systems, system information is 
information on component 
interactions, and this can only be guessed 
at if components are not studied to- 


gether. 


needed, i.e., 


Summary 


I have attempted to outline some of 
the problems of team or cooperative re- 
search; suggested a fundamental distince- 
tion between multidisciplinary and inter- 
disciplinary research, and pointed out 
that cybernetics provides a framework 
for truly interdisciplinary collaboration. 
In addition, I have outlined some of the 
problems of group research. I would now 
like to conclude by pointing out that as 
a nation, we are increasingly dependent 
for economic and military security on the 
performance of vast, complex man-ma- 
chine systems. Because of the size and 
cost of these systems, and the penalties 
which may be attached to their mal- 
functioning, it is impossible to rely on 
trial and error evolutionary development. 
hey must be designed to meet perform- 
ance requirements from the start. This is 
true not only for military and production 
systems, but also for health systems. A 
community faced with the rising demand 
for, and cost of, medical facilities can 
little afford to design and build a hospital 
complex by trial and error processes. At 
an average of $30,000 capital investment 
per bed, the construction of a modern 
hospital is not to be taken lightly. The 
only alternative to trial and error evolu- 
tion is design and management based on 
sound system theory. Trial and error 
may be viewed as development based on 
poor theory. For the solution of multi- 
dimensional problems, interdisciplinary 


‘J. L. Kennedy, “The Uses and Limita- 
tions of Mathematical Models, Game Theory, 
and Systems Analysis in Planning and Prob- 
lem Solution,” Psuchology in the World 
Emergency, J. C. Flanagan et al., ed. Pitts- 
burgh: Univ. of Pittsburgh Press, 1952. pp. 
97-116 
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research provides the best hope for de- 
veloping the necessary theory. 

No one who has tried it can fail to 
be impressed with the difficulties of do- 
ing interdisciplinary research. The diffi 
culties, however, do not obviate the 
need. National survival may well rest on 
our ability to solve the system problems 
before the communist world does. In this 
situation, cybernetic concepts provide 
a key, a way to get started. The fact 


that the key is new, and may not have 
gained disciplinary respectability, should 
not preclude its use. 

Ashby’s concept of the machine 
(1957) provides the basis for the first 
step —the abstraction of complex real 
world systems in a model. The concepts 
of regulation and control then provide a 
basis for specifying trade-offs in the de 
sign of new systems and the operation 


of existing ones 





ASM, AIME ESTABLISH JOINT MEMBERSHIP 
FOR ENGINEERING STUDENTS 


College engineering students may now hold joint student membership in both 
the American Society for Metals and the Metallurgical Society for AIME, under pro 
visions of a cooperative program announced by the two societies 

Announcement of the new program was made by Allan Ray Putnam, managing 
director of the ASM, and Ernest Kirkendall, secretary of the AIME 

According to the plan, a student in good standing at an approved degree 
granting school may be nominated for joint student membership by a member in 
good standing of either the American Society for Metals or the Metallurgical Society 
of AIME. 

Joint student membership fee has been set at $5.00 annually, as opposed to a 
$7.00 total for separate student memberships. Joint student members are eligible 
for all student membership services of both societies, including publications. Members 
under the new plan will have a choice of ASM publications Metal Progress or 
Transactions Quarterly. They also will receive the AIME Journal of Metals 

In addition, joint student members may attend meetings of either or both 
societies, use the Engineering Societies Library and the Engineering Societies person- 
nel service. Special discounts and student book prices of both societies also are 
available. The new plan, however, does not prohibit a student from joining only 
one of the societies if he chooses 

Following graduation, student members may become regular members of the 
American Society for Metals without payment of the usual initiation fee, provided 
application is made within six months after the term in which the student's degree 
requirements are completed. 

Similarly, they may become junior members of the AIME upon payment of 
annual dues, and without submitting further application. A fee of $20.00 is payable 
upon entrance to the higher grades of member and associate member; however, 
student and junior members earn credits toward this fee at the rate of $2.00 per vear 
of continuous membership prior to becoming a member or associate member 
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Engineering—A Discipline 
A Code of Ethics for Students 


ROBERT W. VAN HOUTEN 


President, American Society for Engineering Education; and 


President, Newark College of Engineering 


The late Dr. Allan R. Cullimore, first 
president of Newark College of Engi 
neering, held strongly to the belief that 
the engineering student must not only 
receive a sound education in science and 
technology but must also be made sensi 
tive to his moral, ethical and professional 
responsibilities. To accomplish this, he 
must be encouraged to develop those 
habits of self-discipline so essential to 
the proper discharge of such obligations 
under the widely varying situations with 


which he might be confronted, not only 


during his academic program — but 
throughout life 

Dr. Cullimore was insistent that the 
curriculums have breadth as well as 


depth, that the members of the faculty 
should lead the student direct 
education along lines which would per 


and his 
mit him to develop his full potentiality 
in engineering and responsible citizen 
ship. To attain these objectives, it is es 
sential that the student be cognizant not 
only of the moral and ethical aspects of 
professional conduct, but that he also de 
velop the will power ind fortitude nec 
essary to make them vital components of 
his every action. 


In the early vears of the college it was 


Presented at the Annual Meeting 
of the American Institute of Elec- 
trical Engineers, January 31, 1962. 


671 


possible for the president to have inti- 
with student. Dr. 
Cullimore and a small but devoted fac- 
ulty were able to promote the desired 
almost 


mate contact every 


aims wholly by precept and 
example. Increases in enrollment, how- 
ever, required changes in the methods 
to bring the desired objective to 
fruition. 

By 1937, a small faculty committee, 
consulting frequently with Dr. Cullimore, 
had written and published “Engineering 

\ Discipline,” a pamphlet concerned 


with the engineering student and _pro- 


used 


conduct. 

At this point, I should like to acknowl 
edge my indebtedness to Professor James 
M. Robbins, Faculty 
Committee on Professional Conduct, for 


fessional 


chairman of our 
his invaluable assistance in the prepara- 
tion of this paper. Professor Robbins was 
a member of the committee which pre- 
pared the first edition of “Engineering— 
A Discipline” in 1937 and is, to all in- 
and the author of the 
latest edition, published in 1960. 


tents purposes, 

This pamphlet served and has con- 
tinued to serve, through several revised 
editions, as the statement of our basic 
philosophy in this field. Let me now dis- 
cuss its implementation. 

The entering student may or may not 
come to us, or to any college, with a 
highly developed moral code. Much de 
pends upon his home environment, upon 
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religious training, upon those who have 
influenced him in secondary school and 
in community life. Rarely does the engi- 
neering student have any real familiarity 
with the canons of ethics of the engineer- 
ing profession. 

Upon being admitted to any division 
of the college, as a freshman, as an un- 
dergraduate transfer, to the Special 
Courses Division or to the Graduate 
School, the student is issued a statement 
of the policy of the college with respect 
to ethical and professional matters, to- 
gether with supplementary material de- 
signed to clarify his responsibilities in the 
several areas of academic work. The stu- 
dent is then required to sign a statement 
to the effect that he has read the material 
outlining the professional policy of the 
college, that he understands what his ob 
ligations are and that he agrees to abide 
by the established policy. This is _re- 
garded as a contract between the student 
and the college. 

Further time is devoted to these mat- 
ters during freshman orientation and dur- 
ing orientation periods for all students 
embarking on the programs of the sev- 
eral professional departments in the sec- 
ond or third year. In this manner, we 
reach most transfer students. 

Early in the freshman year, in a course 
entitled “Psychology of Personal Adjust- 
ment,” discussion periods are devoted to 
the material printed in “Engineering—A 
Discipline.” The pamphlet covers the 
principles of professional conduct as re- 
lated to professional discipline, the codes 
of ethics of the founder societies, the 
“Canons of Ethics for Engineers” adopted 
by Engineers’ Council for Professional 
Development, and NCE’s own Engineer's 
Oath, written by Dr. Cullimore and sub- 
scribed to by every student upon gradu- 
ation. 

Additional sections of the pamphlet are 
concerned with professional conduct 
within the college community; with the 
proper use of our plant and equipment; 
with the responsibility of the student to 
make certain that reference material in 
the college library is available to all and 
is not monopolized by the selfish few; 
with the ethical and professional aspects 
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of homework assignments, laboratory re- 
ports, and examinations; with the neces- 
sity of avoiding plagiarism in writing 
term papers and theses; and with matters 
of student dress, grooming and deport- 
ment. A final section outlines college 
policy with respect to the recognition and 
treatment of cases of unprofessional 
conduct. 

The discussion periods devoted to the 
material are a necessary first step, but we 
cannot let the matter drop at that point. 
No student can obtain a mastery of any 
subject in the curriculum in a few easy 
lessons, nor can he become imbued with 
a firm resolve to conduct himself in an 
unimpeachable manner unless, through- 
out his academic years, he lives in an 
atmosphere in which ethical considera- 
tions are continually stressed. A soldie 
can be trained to obey orders without 
thought of self only through constant 
discipline. Similarly, through constant 
emphasis on ethical standards, we strive 
to provide an environment in which ow 
students can develop those habits of self 
discipline so essential to ethical perform- 
ance in any situation with which they 
may be confronted. 


Faculty Cooperation 


The administrative officers of the col- 
lege are wholeheartedly in support of all 
such efforts and at least three faculty 
committees are intimately associated with 
these endeavors. 

The Committee on Engineering Teach- 
ing, for example, has established pro- 
cedures for the purpose of keeping mem- 
bers of the faculty alert to the need for 
instruction in ethics and professionalism. 
Our young instructors in particular—men 
just entering the teaching profession—at- 
tend a series of seminars in which much 
emphasis is placed upon this phase of 
their responsibilities. 

The Committee on Student Morale has 
sessions with leaders of the student body 
during which matters of mutual concern 
to the administration, faculty and _ stu- 
dents are considered. From these confer- 
ences, the students gain an appreciation 
of the aims of the faculty and admin 
istration. Increased student support of 
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the whole educational program is an im- 
portant result. 

The Committee on Professional Con- 
duct has a dual role. It prepares and dis- 
seminates material dealing with the 
ethical and professional aspects of engi- 
neering education, and it is charged with 
the duty of conducting hearings and tak- 
ing appropriate action whenever reports 
of alleged unprofessional conduct are 
referred to it by the president. This com- 
mittee has, in its membership, three stu- 
dents of demonstrated leadership in ad 
dition to faculty representatives from the 
several departments. The student mem- 
bers take an active part in all discussions 
concerning policy matters, but are not 
present during hearings on cases of al- 
leged unprofessional conduct. These stu 
dent members are extremely helpful in 
presenting student 
other members of the committee, in dis- 
seminating information to the student 
body concerning the aims and activities 
of the committee and in informing their 
fellow students—from a non-faculty point 


viewpoints to the 


of view—of student responsibility in main 
taining high ethical standards in the 
college community. 

In addition to the efforts of these com 
mittees, each member of the faculty and 
instructing staff has a duty to perform in 
this field above and beyond his instruc 
tional 
areas. 


assignments in subject matter 

Many years ago, John Ruskin wrote: 
“Education does not mean teaching peo- 
ple what they do not know. It means 
teaching them to behave as they do not 
behave. It is not teaching the youth the 
shape of letters and the tricks of num 
bers, and then leaving them to turn their 
arithmetic to roguery and their literature 
to lust. It means, on the contrary, train 
ing them into the perfect exercise and 
kingly continence of their bodies and 
souls. It is a painful, continual, and dif 
ficult work to be done by kindness, by 
watching, by warning, by precept, and by 
praise, but above all, by example.” 

I believe that this definition of educa- 
tion is just as valid today as when Ruskin 
wrote it. It is our objective to have every 
member of our staff believe in, and con- 
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duct training in, sound moral concepts, 
ethical practices and true professionalism 
in whatever subject he is assigned to 
teach, whether it be petroleum refining, 
soil mechanics, metallurgy, electronic 
circuits, production management, nuclear 
physics, sanitary chemistry, or a subject 
in the field of humanities or social 
sciences. Precept and example on the 
part of the instructor are of primary im- 
port in this area. 

Chrough these multiple efforts we have 
attempted to achieve our objective of 
sensitizing the student to his full respon- 
sibilities in the engineering field. By and 
large, these efforts have been successful. 
I firmly believe that, in the main, our 
graduates have developed the moral 
stamina and have received the necessary 
education in science, technology and in 
the humanities to become competent en- 
gineers and men and women dedicated 
to the fulfillment of their responsibilities 
as citizens. 

Although we might wish that every 
student would earn an A grade in every 
subject, there are factors which militate 
against this. The most capable students 
exceptional academic 
performance, others are mediocre, still 
others fail to meet minimum standards 
and are dismissed. We find that many of 
the immature students, dismissed for 
academic reasons, gain increased ma- 
turity with the passage of time through 
service in the armed forces or through 
industrial experience. If, upon gaining 
maturity, these students are permitted to 
resume their academic 
many cases, though not in all, the indi- 
vidual will turn in a performance which 
is entirely creditable and which, in many 


demonstrate an 


programs, in 


instances, is outstanding. 


Much the same situation is observed in 
the case of the young men or women who 
fail, at some stage in their academic ca 
reers, to measure up to high ethical or 
mora! standards. What shall we do with 
these young people who give us cause to 
question their professional integrity? Can 
measures be taken which will result in 
their rehabilitation? We believe that in 
many situations this is not only possible 
but eminently practicable. 
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Preventive Medicine 


From time to time, members of teach- 
ing statts may be absolutely certain in 
their own minds that the conduct of cer- 
tain students has been unprofessional, 
yet the teachers may lack evidence that 
would stand up in a court of law as in- 
controvertible proof of guilt. One teacher, 
imbued only with the desire to teach the 
subject matter of his own specialized 
field and insensitive to the broader moral 
and ethical obligations of the true teach 
er, will take no action regardless of the 
nature of the evidence before him. An- 
other will feel that he must keep a watch- 
ful eve on the student until he has “sut 
ficient goods on him to enable him to 
hang him.” We do not agree with eithe 
of these attitudes. 

We believe that failure to take notice 
of an apparently undesirable situation is 
a distinct disservice to the student and 
the college. The student has, in all prob- 
ability, acted unprofessionally and, since 
no one has brought the matter torceably 
to his attention, thinks that he has “got 
ten away with it.” Thus, one little peca 
dillo leads to a somewhat greater one 
Eventually, he may find himself em 
broiled in a situation which will have a 
distinctly adverse effect upon his future 
career. 

We firmly believe that “preventive 
medicine” may obviate the need for later 
“surgery.” Our long-established policy 
has been that the instructor, faced with 
this situation, shall discuss the matter 
with the chairman or executive associate 
of his department. If the older and more 
experienced man is convinced that the 
available evidence justifies the belief of 
the instructor, the latter then calls the 
student into his office, tells him frankly 
that the student has given him cause to 
have reasonable doubt concerning the 
student's professional integrity and tells 
him that the instructor is submitting a 
confidential report to the president of 
the college. My secretary, when such a 
report is received, makes an appropriate 
record and files the report. 


If the student is guiltless, his career is 
not placed in jeopardy. If he is not, even 
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though he denies guilt, he has been in- 
formed that his actions have not gone 
unnoticed and that it would be wise fo; 
him to adopt a more truly professional 
attitude. No further action is taken unless 
several reports are received concerning 
the same individual. In such an event. 
I call the student in and explain to him 
that where there is so fiuch smoke there 
is, in all likelihood, a fire which must be 
quenched before it consumes his entire 
moral fiber. The success of this policy js 
evidenced by the fact that the receipt ot 
more than one report concerning an in- 
dividual is a rare occurrence. 


There are other instances in which 
there is conclusive evidence of unprofes 
sional conduct on the part of a student 
Again, the instructor presents the evi 
dence to his chairman or executive as 
sociate. Authorized to proceed turthe: 
he discusses the matter with the student 
and then submits a report to me, together 
with the evidence. I then call the stu 
dent in and, during the ensuing discus 
sion, I trust that he will gain insight int 
his responsibilities in the area of ethies 
and professional conduct. 


In the normal course of events, I the: 
refer the case to the Committee on Pro 
fessional Conduct. This committee holds 
a hearing during which the student is 
questioned and is permitted to testify 


his own behalf. The student is then ex 
cused and the committee determines the 
appropriate action to be taken 


In this determination, the eflect of a 
proposed action both upon the individual 
student and upon the college community 
is carefully weighed. Furthermore, due 
consideration is given to the stage 
reached by the student in his academic 
career. 

Whenever rehabilitation of the indi 
vidual appears possible, the action taken 
is designed to be corrective rather than 
punitive. Rarely is it necessary to dismiss 
a student without recourse. Other dis- 
ciplinary actions may be dismissal with 
the right to apply for readmission after 
a specified period during which it is 


hoped and expected that the student will 
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gain increased maturity; suspension for 
one or more semesters, with the same aim 
in view; or disciplinary probation with 
the clear understanding that immediate 
dismissal will result if there is furthei 
confirmed evidence of unprofessional 
conduct. 

Letters of censure or of admonition are 
sent to students whose conduct verge: 
upon the unethical but which may be no 
more than unwise. 

In a number of instances, the student 
has been found guiltless of unprofes 
sional conduct and has been so advised 
In all cases, the chairman of the Com 
mittee on Professional Conduct devotes 
much time to the composition of the let 
ter to be sent to the student so that it 
may be truly educational and helpful to 
him in the future. 

The action of the committee is in 
fluenced, in no small measure, by the 
status of the student in his educational! 
program. We expect an upper classman 
or a student in the graduate school to be 
fully aware of his professional responsi 
bilities. We cannot expect a like measure 
of ethical consciousness from a freshman 
who mav have been subjected to the dis 
ciplines of the engineering profession for 
but a few short weeks. Thus, the com- 
mittee action reflects not only the serious 


ness of the violation of the ethical cod 


a 
but the stage which the student has 
reached in his professional development 
as well. 

We also protect the student's right of 
appeal. If he feels that the decision of the 
Committee on Professional Conduct is 
unjust, he may request re-examination of 
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the evidence by the Committee on Stu- 
dent Appeals. 

I believe that our efforts to instill 
sound concepts of professional ethics in 
every member of our student body have 
been, in the main, successful. It would 
be naive, however, to assume that our ef- 
forts have been one hundred per cent 
effective. 

I sincerely hope and believe that by 
the precept and example of the members 
of the faculty and administration, our 
students become competent not 
only to distinguish right from wrong, but 


have 


also have attained the ability to view 


the “gray areas” in proper perspective 
and to make appropriate decisions as to 
what constitutes thoroughly professional 
conduct in meeting any problems with 


which they may be faced. 


Reference was made earlier in this talk 
to the administering of the Engineers’ 
Oath at our commencement exercises 
rime does not permit my reading all of 
it, but I do want to close these remarks 
by reading the final part of the Oath, 
which pertains to the subject of this 
paper and to which we trust our grad- 
uates sincerely subscribe: 

“As an engineer: I further believe that 
my profession requires in its very nature 
particular sensitivity to moral obligations 
and to the broadest human welfare and 
progress, that our world, with its material 
things and things of the mind and of 
the spirit, may be a better place in which 
to live 

“All of these things I do truly believe 
and to these principles I solemnly com- 
mit myself.” 


CO-OP MATH AT NORTHEASTERN 


Northeastern University will offer the first graduate co-operative program in mathe- 


matics in the country in September of this year, University officials have announced. 


About a dozen students have already signified intentions of entering the program, 
which will lead to a master of science degree with a major in mathematics. 


The proposed academic program will include two years of classroom study, inter- 


spersed with on-the-job vocational training 











Productivity and the National Purpose 


L. E. FOURAKER 


National Science Foundation 


Productivity, which I take to mean an 
increase in the ratio of output divided by 
input, has always been closely related to 
the objectives of human society. Initially, 
a case could be made that productivity 
was the purpose of human society. Man's 
daily concern was with subsistence, and 
he tended to meet this requirement in a 
manner inherited from his ancestors. 
There was an occasional random _ im- 
provement in productivity, such as the 
use of fire or agriculture, but these gains 
were soon spread over a larger popula- 
tion, and the average output returned to 
an approximation of subsistence. Over 
most of man’s history he had no orderly, 
purposeful means of affecting productiv- 
ity. Changes resulted from a random 
process that more nearly resembled that 
described by Darwin. 

In such a world, increases in popula 
tion were yolked by the inherited tech- 
nology and the limitation of land. The 
classical law of diminishing returns dic- 
tated that society would have decreasing 
productivity and starvation as perpetual 
margins. This roughly was the dismal 
terrain mapped by the Reverend Malthus. 

Capitalism delivered man from. this 
stvptic estate. The essential characteris- 
tic of capitalistic culture was the estab- 
lishment of profit as the appropriate ob- 
jective for economic behavior. There are 
two basic means for producing great 
profits: develop new products, or develop 
more efficient means for producing old 
products. This enables the firm to enjoy 
a temporary monopoly position in the 
market. Now designing a production 
function, whether to manufacture a new 
product or to reduce the costs of produc- 
ing an old one, is engineering. The en- 
gineer emerged as capitalism’s character- 
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istic professional, charged with the con- 
tinual revision of our technology accord- 
ing to the criterion of efficiency rathe; 
than that of ancestral sanction. 

This undertaking constituted one of 
mankind’s great experiments. Man is a 
conservative animal, and normally seeks 
to maintain stability in his environment 
Certainly no previous society had en- 
couraged change in any of its basic facets 
Our capitalistic culture, however, ac- 
cepted continual technological revision 
as an accommodation to the profit mo- 
tive. In this respect entrepreneurs, abet- 
ted by engineers, might be regarded as 
history’s most successful class of revolu 
tionaries. For the resulting explosion in 
productivity has been magnificent: it has 
grown at something like a compound 
rate, providing enough thrust to lift man 
above the Malthusian wastes. The liai 
son between the entrepreneur and _ the 
engineer produced such an_ impressive 
progeny for several reasons. The entre- 
preneur, in his search for profits, pro 
vided the first rationale and continued 
support for the application of scientific 
knowledge to the pragmatic task of pro- 
ducing goods for human consumption 
Also, the engineer had an enormous body 
of scientific knowledge to work with. It 
had been patiently accumulated over the 
centuries, and was virtually unsullied by 
attempts at application. More mundane 
resources were zealously supplied by the 
entrepreneurs, and the whole process 
was applauded by the general public, 
which was beginning to regard it as 
something of a magic cornucopia. Fur- 
ther, this cornucopia produced the de- 
sired mix of products, even responding 
to changes in consumer demand and pro- 
ducer’s technology. This meant that 
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man’s traditional economic problems 
were resolved automatically, without re- 
course to authority. Capitalism made 
tvranny superfluous, as well as poverty. 
I hope you can understand the magnetic 
attraction to study such a mechanism, 
even to an engineer's son. 

Fortunately, the solution of one set of 
problems generates a new set, else we 
would all be as Professor Galbraith views 
avalanche of 


us. comatose midst an 


chrome and carbon-monoxide. If the 
initial objective of western society was 
productivity itself, it soon became evi- 
dent that productivity also was a means 
for avoiding some rather unpleasant cul- 
de-sacs in the capitalistic shell. The engi 
neer required resources to institute tech- 
nological change. The utilization of 
these resources provided substantial eco- 
nomic activity: construction, machine 
tools, metal production, etc. This activity 
was terminated once the engineer had 
completed the alterations on the produc 
tion function. If no alterations were be 
gun, there would be no need for the 
output of many of the construction firms, 
machine-tool firms, and metal producing 
firms. A depression would ensue. While it 
may be an improvement over the Mal- 
thusian bad lands, a depressed capitalis- 
tic economy is no rosebed. Our economy 


became something of an addict after 


first tasting the success of increases in 
productivity, and the problem has grown 
worse as our capacity for success has im- 
proved. Consider: we export a great deal 
more than we import at present, but 
many of our exports are newly innovated 
products by American concerns that can- 
not be obtained in other markets. As 
soon as a foreign economy can adapt its 
productive facilities to make an Ameri- 
product, it 
from our list of exports, for the foreign 
costs are nearly always lower than ours. 
If our capitalistic economy even hesi- 
tates in its innovative process, we lose 
exports, gold starts to leave the country, 


can innovated disappears 


and we are confronted with a crisis. 
Capitalism, like a vaudeville performer 
on a tough circuit, must appear with 
confidence for every performance, or 
the audience will cancel its contract. 
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Productivity thus serves the national 
purpose by enabling us to avoid some 
unsavory consequences. As any parent 
knows, this is not a very satisfactory 
form of motivation: it is better to have a 
positive objective, something to achieve, 
rather than the somewhat aimless goal of 
keeping out of trouble. Sachel Paige 
argued that one should look ahead; if 
you look behind you might see something 
gaining on you. Fortunately we have 
enough problems related to productivity 
that we may assume almost any posture 
with respect to them, even a forward 
looking one. 

For example, there are some indica- 
tions that the engineer is running into 
diminishing returns in the application of 
science to the problem of production. 
There are few virgin stretches of science 
left for the pragmatist to exploit. This is 
an index of the effectiveness with which 
we pursued our opportunity; we were 
able to close the gap in a short period 
by according substantial rewards to 
those who were successful in the appli- 
cation of science to the productive pro- 
cess. As a result, for a number of genera- 
tions many of the most promising young 
men have selected the engineering cur- 
riculum as being the most challenging 
and rewarding. Now these young men 
find that the problem often is not in de- 
veloping an engineering technique for 
applying some scientific principle, but in 
the derivation of principles which can 
serve as guides in the use of techniques 
which are now extant. It is not unusual 
for some engineering student, bent on 
the design of a control system, to end up 
pondering the deficiencies of probability 
theory; his associate, charged with con- 
structing a decision rule to guide com- 
pany management in the choice of ma- 
chinery, ultimately is confronted with 
the question of how the board’s von Neu- 
mann utility function can be discounted 
through time. I think the time will soon 
be upon us, if it is not already here, when 
substantial innovations in technology will 
be conditional upon comparable innova- 
tions in the underlying sciences. The 
problem is that we have very little ex- 
perience in taking an orderly, purposeful 
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approach to producing innovations in 
science. The proportion of students who 
approach college with science as a ca- 
reer objective is quite small: they much 
prefer the professional curricula, such as 
engineering. If we are to produce scien- 
tific innovations, we must either 

1. make it more attractive for stu- 

dents to elect science as a career 
at the outset; or 

2. lead some part of the students in 
professional curricula into science 
as they progress through college; 
or 
change the professional curricula 
to science wihout altering its name, 
e.g., call it engineering but make 
it a program of study in physics 
and mathematics. 
I gather that current practice favors the 
last two strategies. We cannot achieve 
the first requirement until we have 
solved the problem of financing the pro- 
gram of scientific development. The 
entrepreneur is not eager to provide re- 
sources for such research, for he cannot 
see an immediate relation to profits. If 
this work is to be done it is likely that 
it will be done in the universities. The 
expense will be considerable, probably 
dwarfing the sums required for our ex- 
panding teaching commitments. It will 
be necessary for our economy to continue 
its productivity performance if the req- 
uisite resources are to be made available. 
Simultaneously, if they are made avail- 
able, I think our economy will be able 
to continue its productivity performance. 

Thus I think we have experienced a 
subtle shift in the relationship between 
purpose and productivity. Originally, we 
undertook research and development 
work as a means of reaching our objec- 
tive, productivity. Now I think we will 
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rely upon our productivity as a means of 
supporting scientific research. I would 
not contend that our national purpose is 
knowledge for its own sake. Our inclina- 
tion and tradition is to use knowledge as 
a tool, to achieve more concrete objec- 
tives. The engineer-entrepreneur team 
disposed of the economic subsistence 
question by the purposeful application 
of physical science to the problem of 
production. We now find ourselves in a 
quasi-Malthusian world of political sub- 
sistence where survival depends upon the 
rather random process of international 
diplomacy. Our productivity experience 
would suggest that we attempt to extri- 
cate ourselves by the orderly application 
of science. Unfortunately, we have 
neither the relevant body of scientific 
knowledge, nor the counterpart of the 
professional engineer. I suggest that our 
national purpose is to develop them. Cer- 
tainly this will be an expensive under- 
taking requiring unprecedented amounts 
of human and material resources. How- 
ever, each success in the creation of 
knowledge simultaneously makes a con- 
tribution to our productivity potential, 
which in turn increases the feasibility of 
the program. If you question that intel- 
lectual innovations may have such di- 
verse applications, let me call your at- 
tention to the development of linear pro- 
gramming, which has been so useful in 
production, and game theory, which 
constitutes a foundation that may be as 
useful in the problem I posed as calculus 
was in assisting the engineer. Both de- 
velopments stem from the mathematics 
of John von Neumann. 

In short, we have taken care of Mr. 
Malthus’ problem; let us utilize the same 
strategy in attacking the problem posed 
by Mr. Marx. 


ASEE ANNUAL MEETING - JUNE 18-22 
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Transfers to Schools or Colleges of 
Engineering: 1951-1953, 1959-1961 


HENRY H. ARMSBY 


Specialist for Curriculum Patterns 
In Engineering Education 
Division of Higher Education 
U.S. Office of Education 


This circular presents the results of the 
sixth study of transfers to schools or col- 
leges of engineering. Earlier studies were 
conducted during the years 1951, 1952, 


1953, 1959, and 1960 under the joint 
auspices of the American Society for En- 
gineering Education and the U. S. Office 


In the first three of these 
engineering 


of Education 
the 
asked to report the number of students 


surveys colleges were 
“now classified” as first-, second-, third 
or fourth-year students who in the fall of 
the year in question entered the engi 
neering college by transfer (a) from cu 
riculums leading to engineering degrees 


and (b 


engineering 


from curriculums not leading to 
The ot 


such students reported for each class was 


degrees. number 


converted for each institution to a per 
of the total enrollment that 
class. These percentages, rather than the 


actual numbers 


centage in 


involved, were used in 
the preparation of tables contained in the 
three original reports and in Circular No 
397, dated April 1954, 


rized the three reports. Circular 


Ww hic h summa 
397 


out of print, but its data on transfers 


IS 


trom nonengineering curric ulums are in 


cluded in this paper 
The series of surveys was renewed in 
1959 because of the belief that there had 


Statistical tabulations and computa- 
tions by Catherine Spiro, Research 
Assistant, Division of Higher Edu 
cation. This material has also been 
published as U. S. Office of Edu 
cation publication OE-54005-61-A 
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been a material expansion in the num- 
bers of transfer students since 1953, and 
that this expansion might account for an 
appreciable fraction of the decline in en- 
gineering freshman enrollment which had 
taken place during the preceding two 
vears. This feeling was shared by many 
of the deans of engineering colleges, and 
at about the time the decision was made 
to conduct the survey a formal request 
was received by the office from the Gen- 
eral Council of the American Society for 
Engineering Education asking that the 
earlier study be reactivated. 

For the purposes of these reactivated 
it that the 
fers from one engineering college to an- 
other are unimportant, since they do not 


studies is considered trans- 


change the number of students enrolled 
in engineering curriculums. Hence, while 
to a particular institution they may con- 
stitute a serious problem, from the na 
tional manpower aspect they are consid 
ered to be immaterial. 

The therefore 
covered transfers to engineering colleges 
in the fall of 1961, but only from nonen- 
gineering curriculums. Instructions stated 
“should in- 
clude transfers from liberal arts colleges 


current questionnaire 


that the students reported 


(in your own or another institution 


junior colleges, community colleges, tech- 
nical institutes, etc., but should not in- 
clude transfers from degree-granting en- 
gineering colleges.” 

The questionnaires were mailed to the 
deans of engineering at the same time 
that blanks for the engineering enroll- 
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Item 1951 


Number of engineering colleges to which 


questionnaires were sent : 192 
Number of usable replies received 156 
Percentage of response 81 


Engineering students in first, second, third, 
and fourth years of respondent institu 
tions as per cent of such students in all 


U.S. engineering colleges 84 


ment reports were sent to the registrars. 
Subsequent follow-up mailings resulted 
in an almost complete coverage of the 
engineering colleges. 

Usable replies were received from 243 
engineering colleges, which represent 99 
per cent of the recognized degree-grant- 
ing engineering schools in the United 
States, counting separately reported cam- 
puses as separate institutions. The re- 
sponding institutions in the fall of 1960 
enrolled 99 per cent of all engineering 
students in the United States in each of 
the four classes considered in this study, 
and in the four classes combined. Data 
from individual institutions can be sup- 
plied on request. 

Comparative analyses of the groups of 
institutions reported in this survey and 
those in previous years are shown in Ta- 
ble 1. 

These figures indicate that the re- 
spondents constitute a consistent sam- 
pling of all the engineering colleges, and 
that it is safe to consider that the percent- 
ages presented in this paper are repre- 
sentative of all engineering colleges in 
the country. 

As in the earlier studies, the number 
of transfer students reported for each 
class in an institution was converted into 
a percentage of the total enrollment in 
that class as reported by the institution 
in the regular fall engineering enrollment 
report. These percentages, rather than 
the actual numbers involved, were used 
in the preparation of Tables 2 and 3. In 
these tables the data for 1951, 1952. 
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TaBLe 1. ANALYsIS OF RESPONDENTS TO QUESTIONNAIRE 


52—-No. 10 
1952 1953 1959 1960 1961 
193 210 231 236 245 
163 185 160 199 243 
85 88 69 96 99 
73 95 76 96 99 


1953, 1959, and 1960 are taken directly 
from similar tables in the earlier reports 


Since many institutions find it difficult 
to report the exact number of students 
transferring into the institution from non- 
engineering curriculums, the deans were 
asked to make their best estimate of the 
numbers of such students if they were 
unable to supply definite figures. The 
percentages shown in Table 2 and in 
Table 3 are based on the total numbers 
reported by the institutions, and there- 
fore represent a combination of estimates 
and actual enrollment data. 


The institutions which on the 1960 
questionnaire submitted estimates rather 
than exact numbers were: for the first 
year students, 22 per cent; for second- 
year students, 21.4 per cent; for third- 
year students, 17.4 per cent; for fourth 
vear students, 13.9 per cent. In 1961 
these ratios were all approximately one- 
half as large as in 1960, indicating more 
complete records on transfer students, 
and increased interest on the part of the 
college officials. The ratios in 1961 were: 
first-year, 11 per cent; second-year, 11 
per cent; third-year, 8 per cent; fourth 
year, 6 per cent. 


Distribution of Transfer Students 


Table 2 shows, for the years 1951, 
1952, 1953, 1959, 1960, and 1961, the 
maximum percentage of each class re- 
ported by any one institution as having 
been admitted by transfer from a non- 
engineering curriculum, the weighted av- 
erage of the percentages so admitted, the 
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median percentage, and the minimum 
percentage. The last figure is zero for all 
class levels in every year. 

A review of the individual reports from 
the institutions discloses that there was 
a wide range among institutions in the 
proportions of their students who had 
been admitted by transfer, especially dur- 
ing the first three years. The large dif- 
ferences between averages and medians 
are due to the fact that in a small num 
ber of institutions the 
transfer students are far higher than the 
average for the group. 

The figures quoted as maximum per- 


percentages of 


centages apply in every instance to one 
institution, and in practically all cate- 
gories there is a large drop between this 
institution and the next larger. 


Distribution of Institutions Admitting 
Transfer Students 


Table 3 gives distributions of institu 
tions according to the percentages of 


TABLE 2. 


To ENGINEERING COLLEGES 
By Crass Levet, Fat 


Item Year 


nits 
Maximum 195. 


195] 
195 ) 
1953 
1959 
1960 


1961 


Weighted average 


1951 
1952 
1953 
1959 
1960 
1961 


Median 


| 
Minimum All 
Years 
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their various classes who were admitted 
by transfer from nonengineering curric- 
ulums during the years listed. The table 
shows for each year the percentage of 
institutions which admitted the percent- 
age of transfer students indicated in the 
first column. In 1961, for example, 39.4 
per cent of the institutions admitted be- 
tween 0.1 per cent and 4.9 per cent of 
their first-year students by transfer from 
nonengineering curriculums. This repre- 
sents a decrease of 4.6 per cent from 
the corresponding figure for 1960, during 
which 44.0 per cent of the institutions 
admitted this percentage of first-year stu- 
dents by transfer. 

The data contained in Tables 2 and 3 
demonstrate without question that there 
was a increase between 
1951 and 1959 in the numbers and per- 
centages of students admitted to engi- 
neering colleges by transfer from non- 


considerable 


At each class 
level there was a decided drop in the 


engineering curriculums. 


[TRANSFERRING 


From NONENGINEERING CURRICULUMS 


or 1951, 1952, 


1953, 1959, 1960, anp 1961 


Class level 


Ist vear 2nd year | 3rd year 4th year 
29.7 46.7 41.7 10.7 
23.6 3,7 30.8 6.3 
50.0 50.0 $6.2 34.3 
88.0 100.0 66.0 91.3 
93.5 74.4 100.0 83.6 
85.7 74.2 62.1 87.5 

} ‘ ¢ 3% 0.3 
3.4 6.0 3.7 0.4 
2.8 4.0 3.3 0.5 
5.0 8.5 7.§ 1.5 
4.4 9.2 9.9 ral 
4.2 8.3 7.9 0.9 
y Bey 4.0 0.9 0.0 
i 3.8 0.7 0.0 
1.0 2.2 0.0 0.0 
2.9 5.6 a 0.0 
3.0 » OF 2.4 0.0 
Bal 5.4 2.0 0.0 
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1959 2325 16.7 26.0 69.7 tor 
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what confused, but for the most part in 
dicate a decline in the number of stu 
dents transferring into engineering col 


levels. But none of these averages has 
as yet reached the level at which they 


stood in 1953. The number of colleges 
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admitting each of the “percentage of 
class” groupings shown in Table 3 has 
declined since 1960, with very few excep- 
tions. 

There is at least a theoretical relation- 
ship between the number of transfer stu- 
dents and changes in total engineering 
enrollments. The first-year students ad- 
mitted by transfer in the fall of an aca- 
demic year represent students who were 
enrolled in a nonengineering curriculum 
for one or two semesters, usually in the 
preceding academic year, and who then 
transferred to the engineering college, 
but did not receive sufficient credit to be 
classified as Therefore, 
from the standpoint of engineering these 
represent students who postponed their 


sophomores. 


entrance to an engineering college for 
one vear. In other words, these students 
could have entered the engineering col 
lege in the previous year, but for one 
reason or another did not do so 

It was pointed out in the study of 
transfers in the fall of 1960 that because 
the series of studies was discontinued 
during the years between 1953 and 1959 
it was impossible to calculate direct com- 
parisons between the figures for 1959 and 
the corresponding ones for 1958 and 
1957. It was further pointed out that 
freshman engineering enrollment reached 
its post-war low in 1950 and its high 
since that time in the fall of 1957. Cor- 
responding low and high points for sec 
ond-year students were 1951 and 1957, 
for third-year students 1952 and 1957, 
and for fourth-year students 1953 and 
1958. Since all the high points occurred 
during the years in which no statistics on 
transfers were collected, it is impossible 
to tell with any accuracy whether or not 
the turning points in enrollments could 
have been predicted had data on trans- 
fers been available. In other words, the 
peaks in transfers may have occurred be 
fore or after the high points in enroll- 
ments, and the size of the transfer group 
may be more or less than the increase or 
decrease in freshman enrollments. This 
points up the importance of continuity 
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and the difficulty of attempting to pro- 
ject on the basis of partial information. 

In the preparation of the report on 
transfers in the fall of 1959, the change 
in the weighted average percentage of 
freshman transfers from one year to the 
next was applied to the total engineering 
freshmen in the second year, giving a 
figure for the total number of transfers, 
which in turn was converted to a percent- 
age of the total increase or decrease in 
engineering freshmen. The 1959 study 
indicated that the increase in transfer 
students from 1958 to 1959 accounted 
for about 11% per cent of the decrease 
in freshman enrollment under one as- 
sumption as to the numbers of transfer 
students during the period when these 
statistics were not assembled, and _ to 
about 6142 per cent under another equally 
valid assumption. For second-year stu- 
dents the computation indicated a range 
from 6% per cent to 30% per cent under 
the two assumptions. These extremely 
wide ranges in possible values are an ex- 
cellent example of the importance of con- 
tinuity in statistical studies in any field 
of education. 


There probably exists a relationship 
between transfer students and total en- 
rollments, but there are also other fac- 
tors which have not been covered in this 
series of studies. Chief among these are 
(1) the students who transfer out of en- 
gineering, (2) the students who drop out 
of engineering for whatever reason, and 
(3) the students who return to engincer- 
ing after having dropped out during some 
previous year. To get a complete pic- 
ture of developing enrollments in engi- 
neering all these factors would need to be 
considered, which would call for a much 
more ambitious study than has been at- 
tempted thus far. All that can be said 
with any certainty at this time is that the 
number of students transferring into en- 
gineering from nonengineering curricu- 
lums probably reached its peak some 
time between 1956 and 1960, and that 
at present the number appears to be de- 
clining slightly. 











Seventh Survey of Engineering Technician 
Enrollments and Graduates 
1961-1962 


This is the seventh survey of engineer- 
ing technician enrollments, Table 1 and 
graduates, Table 2. Each year we at- 
tempt to improve upon the data collected. 
Following a plan adopted last year, both 
tables show data adjusted to be com- 
parable in two successive years. This is 
done by matching up reports from schools 
replying during the current year with re- 
ports received during the previous year 
from these same schools. 

Every year a report has been received 
from all schools having at least one 
ECPD-accredited engineering technician 
curriculum. However, a trend cannot be 
effectively established since institutions 
are both added to and dropped from the 
list every year (the 1961 listing added 
one institution and dropped two as com- 
pared to the 1960 listing). Data from 
the small number of schools (32) often 
are materially changed by one or two 
schools added or dropped. This same ef 
fect is more noticeable in the case of 
other schools reporting. Several schools 
reporting in 1959-1960 and 1960-61 did 
not reply to the 1961-62 survey or data 
submitted were not useable. In a few 
cases we have received data one year and 
the following year the same institutions 
report as having no program for engineer- 
ing technicians. 

Part-time enrollments are probably the 
most unreliable since it is frequently not 
possible to clearly identify students who 
are actually following a program. Insti- 
tutions frequently have insufficient or no 
data in this area. 

Graduates seem to be more possible of 
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identification but some institutions keep 
no data to distinguish between graduates 
who followed full-time or part-time pro- 
grams. 

For the seventh survey we were able 
to compare reports from the 32 schools, 
with at least one ECPD-accredited En 
gineering Technician curriculum, and 129 
other institutions which reported in both 
of the last two years. These 161 schools 
represent 82 per cent of useable replies 
received and report 90 per cent of the 
enrollment and 87 per cent of the esti- 
mated graduates for all schools report- 
ing. 

Enrollments, Table 1, increased in 
1961-62 after decreases in the two pre- 
ceding years. ECPD schools rose eight 
per cent from 22,682 to 24,491. Indi- 
vidually, 23 schools had full-time enroll- 
ment increases while in 1960-61 only 14 
had increased enrollments. All the re- 
maining of the 32 reported decreases. 
The other 129 institutions reporting both 
years showed an increase in enrollment of 
less than two per cent from 38,051 to 
38,670. More than half of these schools 
individually had It esti- 
mated that for 1961-62 a total of some 
260 to 275 schools are offering Engineer- 
ing Technician programs with a total en- 
rollment of approximately 86,000 up, 
nearly five per cent from the 82,000 esti- 
mated for the preceding year. 


increases, is 


Estimated graduates for the year 1961- 
62, Table 2, indicate only a very slight 
increase overall, 12,555 from 12,533 in 
1960-61. Oddly enough a small decrease 
in graduates from ECPD institutions was 
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offset by opposite changes in graduates 15,900. 

from other schools. A decrease was to be DonaLp C. Metz, Chairman, 
expected since full-time enrollments ac- Manpower Studies 

counting for 77 per cent of the graduates Technical Institute Division 
had decreased in the two preceding American Society for Engi- 
years. From the available data the esti- neering Education 

mate of total graduates for 1961-62 is April 6, 1962 





TEXAS MARITIME ACADEMY ESTABLISHED 


Young men interested in a profitable career on the high seas now have an opper- 
tunity to apply for admission to the Texas Maritime Academy. 

Capt. Bennett Dodson, U. S. Navy (Ret.), superintendent for the newest school 
within the Texas A&M College system, said applications are now being accepted from 
qualified high school seniors. 

“The Texas Maritime Academy offers an opportunity for the high school graduate 
to (1) qualify as an officer in the U. S. Merchant Marine, (2) become an ensign in 
the U. S. Naval Reserve (Inactive) if physically qualified, and (3) to earn a bachelor 
of science degree in marine engineering or marine transportation,” he pointed out. 

Fifty cadets will be selected for the first class in the Texas academy which will 
begin in September on the Texas A&M campus. After completing their freshman year, 
maritime cadets will continue their training at sea and at TMA headquarters at Gal- 
veston. 

The complete four-year course of study includes three summer training cruises 
in a maritime academy training ship to Europe, the Caribbean, and South America. 
First class will begin in June of this year. 

Major purpose of the academy—the only one of its kind in the South—is to pre- 
pare deck and engineering officers for ocean-going vessels in the nation’s merchant fleet 

A rigorous course of study is ahead for maritime students. In addition to liberal 
arts courses, the cadets will elect a major in marine transportation or marine engineer- 
ing. 

Marine transportation students will concentrate on courses in international trade, 
marine insurance, admiralty and maritime law, ocean transportation and traffic man- 
agement, navigation, meteorology and oceanography. 

Marine engineering students will take courses in electrical and marine engineering, 
higher math, marine regulatory law, naval architecture, nuclear propulsion and navi- 


gation 





NEW DEGREES FOR COLORADO MINES 


The Colorado School of Mines will grant undergraduate mineral engineering de- 
grees in chemistry, mathematics and physics sometime in the future, it has been an- 
nounced by Dr. John W. Vanderwilt, president of the mineral engineering college. 

The move toward broader engineering programs related to the mineral industries 
had been considered for several years. 

The Mines Board of Trustees, in unanimously approving the new degrees, author- 
ized the degree-granting programs as faculty and facilities become available. 

Students in the new degree areas will take a comparable amount of semester hours 


and summer courses as now required of students in the present six degree-granting 
departments. Also, the new area students will take the common first two-vear study 
program now in effect for all Mines undergraduates. 








Operations Research: A New 


for Report Writers 


LIONEL D. WYLD 


Assistant Professor of English 
The University of Buffalo 
Buffalo, New York 


It hardly needs stating that report 
writing is a broad and expanding field 
today, for report writers fit into diverse 
areas of business, science, and govern- 
ment. Since World War II, however, one 
area in particular has held increasing 
promise as a career field for trained re- 
port writers. This field is known broadly 
as operations research and its chief char- 
acteristic is that it is interdisciplinary in 
nature. The report writer (and potential 
editor) looking for a rewarding berth 
will find in OR stimulation and challenge. 

Technological advances in recent years 
have assumed such great proportions that 
no one person can pursue adequately 
many problems which demand broad and 
cumulative knowledge for their solutions. 
Into this situation operations research 
was born. A_ relatively field, it 
stresses the cooperative functioning of 
personnel and the techniques of research 
in many different areas; that it 
largely an interdisciplinary undertaking. 
“Its cornerstone,” says the Operations 
Research Office of The Johns Hopkins 
University, “is the creative 
imagination.” Many definitions are avail- 
able, but perhaps simply calling opera- 
tions research “the scientific approach to 
operations problems” is sufficiently broad 
and indicative. 

While many OR projects are located 
within industry, an increasing mumber 
are placed, by government and business, 
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Field 


the 
A university is especially 


with colleges and universities 
United States. 
well equipped to handle problems of op- 
the 
pooling of knowledge from various dis- 
ciplines. A university is the one organiza- 
tion which contains within itself all those 
disciplines to 
multifacet technological problems. While 
in an OR project one field, particularly 
that of engineering, may dominate, it is 


inh 


erations research, which requires 


required solve modern. 


not uncommon, for instance, to find that 
psychology, English, 
philosophy, and 
are also represented. 


sociology, library 


science, mathematics 


For business and industry, the Insti 
tute of Management Sciences publishes 
a monthly journal, Management Science 
and The Operations Research Society of 
America (ORSA), another active organi- 
zation for those interested in OR 
lishes Operations Research, 


journal devoted to papers which have an 


pub 


a quarterly 


operations research and an interdiscipli- 


nary character, with the emphasis on 
mathematics and engineering. England 
has its Operational Research Society 


(with its journal, the Operational Re- 
search Quarterly) and France the So- 
ciété Francaise de Recherche Opération- 
elle (issuing La Recherche Opération- 
elle). Other countries have also entered 
the field; in Australia, for example, an 
Operations Research and Industrial Ap- 
plications Section of the Statistical So- 
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OPERATIONS RESEARCH 
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ciety of New South Wales was formed in 
1957. 

Since the mid-1950’s, operations re- 
search activities within the government 
services have been pronounced. These 
include the Operations Evaluation Group, 
the Operations Analysis Group, and the 
Operations Research Office of the Navy, 
Air Force, and Army, respectively; and a 
Weapons Systems Evaluation Group. 
Government-sponsored projects at the 
University of Pennsylvania, such as the 
former projects SARL (U.S. Navy), Big 
Ben (Air Force) and WESCOM (Signal 
Corps), and at the University of Mich- 
igan, Lincoln Laboratories of Massachu- 
setts Institute of Technology, the arti- 
ficial-satellite projects (like Vanguard and 
its successors ), and numerous others, are 
operations research undertakings. Such 
industrial concerns as Bell Telephone 
Laboratories, Hughes Aircraft Corpora- 
tion, Sun Oil Company, and DuPont de 
Nemours, have either fundamentally OR 
activities underway or have contracted 
with operations analysts or industrial op- 
erations consultants. Many universities 
are, furthermore, now offering courses 
leading to degrees in operations research, 
among them Massachusetts Institute of 
Technology, The Johns Hopkins Univer- 
sity, University of California, University 
of Michigan, University of Pennsylvania 
and, more recently, stressing business ap- 
plications, Ohio State University. 

Educationally, OR programs on both 
the master’s and doctor's degrees level 
are increasing. Several long-term courses 
are given also by industry (ESSO, Bell 
Telephone 
shorter courses in OR, systems engineer- 
ing, computer theory, etc., and coopera- 
tive programs with academic institutions 


Laboratories, e.g.), and 


are widespread. The Operations Evalua- 
tion Group, for example, has a “sabbati- 
cal” program with MIT in which each 
scientist may chose to do academic 
study and research at five-year intervals. 


What is the relevance of this “new” 
field to the report writer? The answer is 
simply that the tremendous expansion of 
industrial, academic, and governmental 
research activities requires an ever-in- 
creasing number of report writing spe- 
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cialists. Research is validated only when 
it is reported; it becomes useful only 
when its results are set down in a report 
which someone else—a colleague, a super- 
visor, or an interested group—may read. 
A report is thus of major importance: the 
responsibilities of a report writer are 
such as to largely determine the success 
or failure of the factual data he presents 
to be received and acted upon. 

Within an operations research project, 
reports are prepared to cover numerous 
types of activities. On the general level 
such reports fall into two classes: the 
external report and the internal report. 
Of these, obviously the former requires 
the greatest attention and “polish,” since 
the report that is externally distributed 
reaches numerous readers beyond the 
confines of the immediate laboratory or 
of colleagues and co-workers. 

External reports include: 

(1) Monthly progress reports. A short 

report outlining activities for the month, 
the monthly progress report is ordinarily 
a contractual obligation only. It is not of 
serious concern, except that it does pro- 
vide the contracting agency or sponsor 
with an indication of how activities are 
being scheduled and executed. It is un- 
bound, usually of two to four pages. 
2) Quarterly progress reports. The 
QPR customarily reports in detail upon 
the activities of the period. It is a fully 
developed and often lengthy document, 
in general “long-report” format, provid- 
ing substantial information and including 
personnel biographies and detailed data 
on trips and visits. It is bound. 


(3) Special task or assignment  re- 
ports. Written usually at the completion 
of a task or special assignment, the in- 
dividual task report contains a full state- 
ment of the history of a particular task, 
the background, investigative procedure, 
scope, findings, results, conclusions, rec- 
ommendations and data, as appropriate. 
It is a report which can serve as a self- 
contained document describing and 
evaluating a particular endeavor or phase 
of work. 

Internal material includes, on the 
other hand, a good deal that is of rou- 
tine interest for the organization’s files. 
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In this category would fall trip reports, 
internal memoranda, and working papers. 

To prepare and edit all of these re- 
ports requires personnel well trained in 
the communications field, with a high- 
level competency in English and a work- 
ing knowledge of the technical jargon of 
the engineering sciences. Programs like 
the Graduate Program in Communica- 
tions and Technical Writing at Rens- 
selaer Polytechnic Institute are helping 
to prepare writers and editors for respon- 


sible situations in OR and other technical 
and semi-technical under- 
graduate report writing courses in uni- 
versities and colleges, will, it is hoped, 


fields, and 


similarly begin to emphasize the inter- 
disciplinary nature of much of today’s 
science and engineering. The qualified 
report writer or editor must be considered 
an important part of the OR team, for it 
is largely through him that the achieve- 
ments are communicated to colleagues 
to sponsors, and to all relevant publics 








COMPUTER SEMINAR FOR ENGINEERING PROFESSORS 


The National Science Foundation has granted $41,530 to the University of Hous 
ton for the support of an “Advanced Science Seminar in the Use of Computers in En 
gineering Education.” 

Twenty engineering professors from colleges in a ten-state region in the South 
west and Southeast will participate in the eight-week seminar, June 11 through 
August 3. 

They will receive intensive instruction in the use of digital and analog computers 
in the engineering college curricula. Freshman engineering students at many colleges 
are now receiving training in the use of electronic computers and computer languages 

Dr. Elliott 1. Organick, director of the UH computing center, will be director of 
the Institute. He conducted a similar program at the University of Michigan in 1960 
and 1961, in conjunction with the Ford Foundation’s Project on Computers in Engi 
neering Education. 





THE THREAT OF GROWTH 


The fast pace of science-technology’s growth is a threat to both the scientist 
technologist and society as a whole, three educators and scientists agreed at North 
western University March 31. 

They were Dr. Moody Prior, dean of the graduate school at Northwestern; Dr 
Max Dresden, professor of physics at State University of Iowa; and Dr. Ali Bulent 
Cambel, chairman of Northwestern’s mechanical engineering department 

The three-way discussion took place in a meeting of the Northwestern student 
chapter of American Society of Mechanical Engineers. More than 100 students and 
faculty heard the three discuss “The Limits of Our Commitment to Science and Tech 
nology.” 

Prior said that science-technology is so successful, that some people would like 
to solve non-scientific problems with scientific reasoning. This is a mistake because of 
the different nature of science and government. Science is often simpler—there is no 
concern in science with good and evil, but in the human and political realms, this 
is a vital factor. 

Dresden said that science is moving so fast, that today’s science students must 
not be educated for today’s scientific challenges—but for tomorrow's 
of 30-40 years, tomorrow’s physicist, for example, will probably face several revolu- 
tions in his field, such as the recent advent of quantum mechanics, nuclear technology 


Over his careei 


and plasma physics, Dresden said. 
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Agricultural Engineering Education and 
Underdeveloped Countries 


NURI N. MOHSENIN 


Associate Professor, Department of Agricultural Engineering, 


The Pennsylvania State University, University Park, Pennsylvania 


The views that I will present here are 
based on my experience as a student and 
teacher in the Middle East and the 
United States, my intimate contact with 
foreign students, and my study of the 
subject matter. It is possible that I will 
make some generalization in regards to 
the underdeveloped countries, but | 
have found that in these countries, even 
though they might be geographically 
thousands of miles away from each other, 
the basic problems are the same and the 
obstacles for solving these problems are 
surprisingly alike. Today, the vital issues 
of underdeveloped countries are how to 
modernize their agriculture, to assert 
land ownership for the peasant, to utilize 
and conserve agricultural resources, to 
increase crop production, to wipe ou 
poverty, hunger and misery from their 
villages, and to challenge the marked 
contrast between the lot of their peas 
antry and the wealth, prosperity and ag 
ricultural development of the United 
States. Some of the more specific prob 
lems are mechanization and simplification 
of farm chores, design and construction 


Presented at the 1961 Annual 
Meeting, American Society for En- 
gineering Education, Agricultural 
Engineering Division, University 
of Kentucky, Lexington, Kentucky, 
June 26-30. Recommended by the 
Agricultural Engineering Division 
for publication 


of improved farm buildings and _struc- 
tures, development of water resources for 
irrigation as well as human consumption, 
land development and soil conservation, 
and establishment of local industries for 
processing of agricultural products. 
[hese tasks are among the specialties of 
agricultural engineers. Agricultural en- 
gineering education was first established 
in this country, and, during the past fifty 
vears, it has been developed to a level 
which no other country can equal, as far 
as the facilities, quality of instruction, 
and the various types of training are con- 
cerned. 

It is unlikely that an American student 
chooses agricultural engineering as his 
profession for the mere sake of serving 
the people of underdeveloped countries. 
In most cases such a choice is that of a 
student from abroad, who either by his 
own will and expense or by the wishes of 
his government, comes to the United 
States to study agricultural engineering. 


Undergraduate Training 

The agricultural engineering educators 
must bear in mind the two following facts 
in regards to the training of the students 
from underdeveloped countries: 

1. The student coming from an un- 
derdeveloped country usually does not 
come with a farm background. To com- 
pensate for this lack of farm experience, 
the student must be given an opportu- 
nity to work on a farm for at least one 


Jrl. Eng. Ed., V. 52, No. 10, June, 1962 





692 JOURNAL OF ENGINEERING EDUCATION _ Vol. 52—No. 10 


summer, even though his farm experience 
in this country may not be comparable to 
the village practices in his home land. 

2. Most of these students have had no 
opportunity to tinker with tools, mechan- 
ical devices, automobiles, electricity or 
any of the mechanical gadgets that are 
so common to American youth. This lack 
of mechanical understanding can be 
made up by having the student take in- 
tensive practical courses in machine shop, 
welding, sheet metal work, wood work- 
ing, and automotive mechanics. 
courses can be taken by the student ei- 
ther at the same university in collateral 
with his basic engineering courses or in 
another institution during the summet 
terms. Special problems in agricultural 
engineering which will require a good 
deal of shop work will also contribute to 
the student’s practical training. 


These 


Specialization 


Considering the broad nature of the 
problems which must be met by the 
American trained agricultural engineer, 
the student should not be encouraged to 
specialize in any branch of agricultural 
engineering unless he is very 
about his future plans 


definite 


Aside from his practical training, a for- 
eign student in agricultural engineering 
needs a sound training in the fundamen- 
tals of both engineering and agriculture. 
Whatever the specific requirements are 
in the particular department, such engi 
neering courses as engineering mechan- 
ics, machine design, 
fluid mechanics, structural design, hvy- 
drology, an intensive course in survey- 
ing, as well as such basic programs in 
agriculture as soil science, agronomy, and 
animal husbandry should be_ incorpor- 
ated in the student’s program. 


thermodynamics, 


With the already crowded curriculums 
in agricultural engineering, the addition 
of new courses to meet the needs of a for- 
eign student calls for at least five years 
of undergraduate work to complete the 
degree requirements. 


Graduate Studies 


In graduate training, the student from 
abroad should be encouraged to choose 


a problem related to a situation in his 
home country and use data gathered un- 
der the conditions existing back home. 
This method of training is more realistic 
than having the student work on a prob 
lem far removed from his environment 
and with no practical application in his 
home country. 

This type of program has been pro- 
posed for other fields of study in several 
universities. A graduate training pro- 
gram for Indian students has recently 
been proposed for agricultural econom 
ics and rural sociology at The Pennsy] 
vania State University. 
gram, the student would take course work 
at Penn State, return to India for gather 
ing thesis data, under the supervision of 


Under this pro- 


a Penn State representative, and return 
to the university to analyze data, com 
plete requirements for the degree and 
receive the degree 

The details of such a plan for agricul 
tural engineering students are beyond 
the scope of this paper. Briefly, | would 
like to mention that the details of the de- 
sign, calculations and other paper work 
involved in a specific problem can be 
worked out here in the United States un 
der the supervision of the major profes 
sor. The actual experiments and colle¢ 
tion of data are then executed by the stu 
dent in his home country under the su 
pervision of a representative of the uni 
versity. In building an experimental ma 
chine, for example, and testing the ma 
chine, the student will become aware of 
a multitude of problems which he must 
face as an agricultural engineer later in 
his career. The discovery of these prob 
lems may prove to become the most sig 
nificant part of his agricultural engineer- 
ing education 


Using the Education 


How can the student use his agricul- 
tural engineering education upon return 
to his home country? Assuming that the 
political, social and economic conditions 
of the student’s home country are such 
that his government and his people can 
take advantage of his training, and this 
is a very important assumption for un- 
derdeveloped countries that are basically 
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agricultural, I can think of no other field 
of engineering which can so perfectly be 
applied for modernization of agriculture, 
industry, sanitation, transportation, and 
other economic developments in a typi- 
cal village. The types of problems that 
an agricultural engineer is faced with are 
various, interesting, and most challeng- 
ing. The field is wide open and the pros- 
pects are bright, for these countries are 
inherently rich. The technical skills ac- 
quired by the student in America should 
enable him to meet these problems even 
though he has to mobilize the best of his 
ingenuity in applying the fundamentals 
of engineering to diverse and unique sit- 
uations. 

As an example, in most of the under- 
developed countries the grain crop is 
harvested by a short sickle and threshing 
is done by driving oxen or other animals 
pulling a threshing sled in a slow circle 
over and over each pile of harvested 
sheaves. Separation of grain from chaff 
is accomplished by pitchforking the 
threshed sheaves into a strong wind. To 
improve this slow, laborious, and waste- 
ful operation, one can recommend the use 
of a modern grain combine. 

Assuming that the high initial cost of 
the machine is no objection, the prob- 
lems of adaptability of the machine to 
the local practices, such as the saving of 
straw and the irrigation obstructions, the 
lack of trained and skilled operators, and 
the unavailability of service and spare 
parts contribute to the failure of the ma- 
chine to operate. 


I know of the son of a rich landlord 
who had seen the wonders of American 
mechanized agriculture and had even 
studied agriculture in one of the agricul 
tural colleges in the United States. Upon 
returning to his country, he persuaded his 
father to invest over 100 thousand dol 
lars for the purchase of the most modern 
tractors and farm equipment. This dan 
gerous proposition led the rich landlord 
into bankruptcy and left the inoperative 
machines sitting in a graveyard of ma 
chinery in less than two years’ time. The 
neighboring landlord, who had just ac- 
quired a 12-foot combine, after seeing 
this unfortunate ending of farm mech 


anization, was frightened to such a de- 
gree that he locked up his brand new 
machine in a newly built implement shed 
and resorted back to the old methods. 


Another approach to this problem of 
grain harvesting is to design a small ani- 
mal-drawn mowing machine with wind- 
row attachment for harvesting, a hand- 
operated drum thresher for threshing, a 
winnower to supply an air blast for sep- 
arating the grain from chaff. 

An American-trained agricultural en- 
gineer should be able to use the locally 
available materials and resources such as 
wood, steel, and the skill of the local 
blacksmith to design and fabricate such 
equipment for a more practical solution 
to this mechanization problem. Such 
simple, inexpensive, and practical equip- 
ment has been developed in India and a 
few countries of the Middle East. A 
sound engineering approach to this prob- 
lem would involve the application of 
kinematics, machine design, fluid mech- 
anics, and material handling. 


As another example, a custom work 
company handling mechanical operations 
for a wheat growing region of the Middle 
East had an investment of $10,000 in a 
European combine which baled the 
straw while it was harvesting, threshing 
and sacking the grain. The machine, 
which weighed about five tons, was de- 
signed for level, large and unobstructed 
fields. When this machine was operated 
on irrigated fields with borders and shal- 
low ditches, the drive axles could not 
stand the shock of the rough fields and 
they broke after a few days of operation. 
A new set of axles which were flown from 
the manufacturer in Europe and those 
made locally from special steel did not 
improve the situation. The close exam- 
ination of the broken axles indicated that 
the point of failure was at the square 
shoulder, where the wheel bearing was 
mounted on the shaft. The stress concen- 
tration at the square shoulder apparently 
lowered the strength of the shaft to a 
point that was not sufficient for the rough 
field conditions. A new set of axles were 
made with a fillet in place of the square 
shoulder and an adapter ring was added 
to provide the proper seat for the shaft 
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bearing. This simple modification of the 
axle apparently solved the problem which 
cost the owner of the machine several 
thousand dollars in a single season of op- 
eration. Again an agricultural engineer 
with his training in machine design and 
strength of material should be able to 
diagnose such troubles and by redesign- 
ing adapt the machine to the new situa- 
tion. 

There are similar problems in building 
simple, low cost farm structures, simpli- 
fying and mechanizing the ancient irri- 
gation and water lifting devices using an- 
imal power, improving the water-powered 
flour mills, and many other village prob- 
lems which may fall under any of the 
five branches of agricultural engineering. 
Working with such problems is the most 
challenging and rewarding task to be as- 
sumed by a man who has the basic train- 
ing and a keen interest and eagerness to 
apply his knowledge for improving the lot 
of the peasant in these countries. 


Introducing Agricultural Engineering 


In 1959-1960 there were some 48,500 
foreign students enrolled in American col- 
leges and universities,! of whom the 
greatest number came from the countries 
which can be classified as economically 
underdeveloped (72°). More than 23 
per cent of these students were studying 
engineering. The number of students en- 
rolled in agricultural engineering is not 
known, but I suspect that the number is 
quite small. 


The reason for this lack of interest in 
agricultural engineering among the stu- 
dents from abroad is simply the lack of 
understanding of the field of agricultural 
engineering. Considering the fact that 
our profession is relatively young and 
that during the past fifty years, agricul- 
tural engineers have been struggling for 
recognition, it is not surprising that peo- 
ple from other lands do not know much 
about agricultural engineering in Amer 
ica. 


‘Open Doors 1960. Report on Interna- 
tional Exchange, Institute of International 


Education, New York 
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Now that we have arrived at a point 
where it is recognized that our training 
is truly engineering in character, that ow 
professional college curriculums are ac- 
credited by the Engineers’ Council for 
Professional Development, that our grad- 
uates are accepted as engineers and are 
eligible for registration as professional 
engineers in many of the states, and that 
recently our Society has been granted a 
constituent membership in Engineers’ 
Joint Council, representing over 23 Amer- 
ican engineering societies, we should 
widen our horizons and introduce agri- 
cultural engineering, as we know it in 
this country, to the people of other lands 

I personally believe that no other pro 
fessionally trained group can be more 
practically helpful to agricultural produc 
tivity and development of underdevel 
oped countries than agricultural engi- 
neers. If we, as agricultural engineers 
are convinced that our profession has 
something to contribute to economic de 
velopment and raising of living standards 
in these countries, we have a moral and 
professional obligation to do everything 
we can to introduce agricultural engineer 
ing to the people and the government of 
these countries, to have them recognize 
the potentials and the limitations of agri- 
cultural engineering, and to encourage 
their students to make a career in agri 
cultural engineering for service to thei 
people and country. 


Summary 


The views that I have presented in 
this talk may be summarized as follows 


1. For a sound and realistic agricul 
tural engineeriny education of students 
from underdeveloped countries, the fol 


lowing points should be considered 


a. To make up for deficiencies in 
practical experience, it is essential 
to have a five-year program planned 
for a student interested in the pro 
fessional curriculum of — agricul- 
tural engineering. 

b. The curriculum should include an 
intensive practical training in addi- 
tion to courses in fundamentals of 
engineering 
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c. For a more realistic training of a more qualified students from the under- 
graduate student, a program should developed countries should be encour- 
be designed to enable a student to aged to study agricultural engineering. 
take his course work in the United 3. Most of the underdeveloped coun- 
States but to develop the thesis tries of the world are inherently rich. 
project and collect his data under The major technical problem for their 
the conditions existing in his home low standards of living is the under uti- 
country. lization of physical and human resources 

9 Agricultural engineering must be To develop these countries to their po- 

more effectively introduced to people of tentialities, agricultural engineers have 
other lands. Through the technical assist- tremendous opportunities and they must 
ance and educational exchange programs take a leading role 


INSTITUTE ON INFORMATION RETRIEVAL AT MINNESOTA 


Phe University of Minnesota, through its Library School and its Center for Contin 
uation Study, announces an Institute on Information Retrieval, to be held September 
19-22, 1962, under the direction of Dr. Wesley Simonton, Associate Professor, Library 
School, University of Minnesota. The aim of the Institute will be to present a concise 
picture of the present status of informaticn retrieval, with consideration of current 
devices and techniques, their relation to traditional library and indexing procedures, 
and probable lines of future development 

Papers to be presented by representatives from industry, government and the 
library world wil! discuss the theoretical and practical considerations involved in the 
choice of efficient and effective methods for the organization of personal, library and 
technical information center files. Exhibits and demonstrations of “non-conventional” 
methods, including edge-notched cards, punched cards and computers, will concen- 
trate on the problems raised by the increasing demands of specialization and inter- 
disciplinary research in scholarly disciplines 


Registration fee is $15.00 which includes four lunches. For further information 


concerning registration and program details, write: Director, Center for Continuation 
Study, University of Minnesota, Minneapolis 14, Minnesota 








Needs of Foreign Graduate Students for 
Related Industrial Exp rience 


KURT F. WENDT 


Dean, College of Engineering 
University of Wisconsin 


The problems confronting all universi- 
ties and especially the colleges of engi- 
neering as the number of students from 
foreign countries increases are many and 
complex. To understand and evaluate 
properly some of the special problems 
arising with foreign students it becomes 
necessary first to examine the environ- 
mental background from which these stu- 
dents come. My remarks will pertain pri- 
marily to those students who come from 
the so-called underdeveloped countries. 
Students from Western 
much of Japan, and from portions of 
South America will have had back 
grounds similar in at least some respects 


Europe, from 


to those of our American students. Those 
from Africa and especially sub-Sahara 
Africa, from many parts of the Middle 
East and from the Far East are in quite 
a different situation. In many of these 
latter areas the general level of education 
of the population as a whole is extremely 
low. It is encouraging to note, however, 
that the literacy rate, especially in the 
Far East, is improving with great speed. 
This is especially true of India, where re- 
markable strides have been made in the 
last ten years. An almost complete lack 
of industrial organizations where any ex 
perience could be gained through visits 
and vacation work, and minimum contact 





Presented at the Graduate Studies 
Division Meeting, ASEE Annual 
Convention, Thursday, June 29, 
1961, at Lexington, Kentucky. 





of the general population with mechanical 
devices means that young people have 
little first-hand opportunity to develop an 
understanding of simple mechanical and 
electrical principles. Compare for a mo 
ment this situation with the average 
American student who enjoys. tinkering 
with an old jalopy, creating a “hot rod,” 
puttering around in the home workshop 
with a wide variety of hand and power 
tools, becomes a radio “ham,” or engages 
in similar experiences. You are all fa- 
miliar with the farm boy who comes to us 
with a wealth of background in how to 
In the 
underdeveloped areas to which I refer 


make mechanical devices perform 


farming is still too often done with a stick 
sometimes pulled by an ox, and a crude 
hoe. Water is lifted by the process of 
pulling it up from a well in skins, some- 
times with the aid of ox or camel power 
and all too frequently by 
Young men from such a_ back 
ground might be expected to find it dif 


manpowe! 
alone. 


ficult to absorb the ideas involved in in 
dustrialization and more particularly find 
it impossible to translate from theory to 
practice. 


I have not mentioned another factor 
that is becoming less important, but that 
still mitigates against acquiring experi- 
ence of the right kind. I am referring, of 
course, to the caste system, where use of 
the hands and literally “dirtving one’s 
shirt” would cause a serious drop in the 
individual's social prestige. 


I can’t help but believe that there are 
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some dangers in our own situation today. 
With more and more elaborate and auto- 
matic equipment in all areas of our liv- 
ing, equipment that requires special tools 
and special knowledge even to adjust, | 
have the feeling that our young men are 
gradually being prevented from exercis- 
ing their natural curiosity. I am afraid 
that they may be accepting our modern 
machines and devices without under- 
standing how and why they function. At 
the same time, over the last several dec- 
ades we have also removed from our en- 
gineering colleges the so-called voca- 
tional-type courses, and rightly so. Per- 
haps some kind of a substitute, as will be 
later suggested for our foreign students, 
would also be in order for our American 
students. 


Purposes 


Next I think it would be proper to ex 
amine for a moment the purpose of grad- 
uate training of foreign students in the 
engineering disciplines. I conceive this 
purpose as three-fold. First and foremost 
in importance is the matter of teache 
training and preparation. I do not need 
to elaborate on this. Teachers are in des 
perately short supply in all the countries 
involved. In order to make real progress 
there must first be developed a corps of 
well-trained and responsible leaders in 
the teaching profession. In addition to 
this, government service, with its special 
concern with problems of sanitation, wa 
ter supply, electrification, dam construc 
tion, irrigation, transport systems, and 
water, electric and steam power genera 
tion and distribution, creates a heavy de 
mand for trained personnel. The third 
purpose, of course, is training for the in 
dustrial field, where the needs run the en 
tire gamut from layout and operation of 
the simplest mechanical manufacturing 
processes to the design and construction 
of ships and aircraft. Men are needed 
who have the imagination and know-how 
to produce tools, engines, pumps, elec 
trical switches, light bulbs, and so on, ad 
infinitum. In many areas of the world 
all such items must still be imported 
If these are the purposes, correctly de 
fined, there is a corollary that should also 


be stated, namely, students who are sent 
to America for engineering training 
should be not only assured of a job on 
their return to their home countries but 
I believe should enter some kind of a 
contract for a minimum period of serv- 
ice on a job using their special qualifica- 
tions. I cannot emphasize this point too 
strongly. It is not only a morale building 
factor and an encouragement for the stu- 
dent to utilize his opportunity to the ut- 
most, but it is also an insurance for the 
home country that the well-trained stu- 
dent will return to make his contribution. 

How can the proper training of foreign 
graduate students be accomplished? Here 
there is room for a good deal of argu- 
ment. There is some strong feeling for 
and there are certain moves in the di- 
rection of trying to provide appropriate 
training not only by a careful selection 
of students to come to the institutions of 
this country but to set up graduate train- 
ing centers in the home countries staffed 
in part by visiting professors from Amer- 
ican institutions. For my particular sub- 
ject here, it is clear that to provide re- 
lated industrial experience should be a 
much easier task when the students are 
here in the United States than if they 
are being trained in a country where the 
number of industrial establishments and 
the varieties of industrial opportunity are 
extremely limited. 


Internships 

A program receiving much considera- 
tion and already being required in some 
areas is one that I will choose to call an 
“internship program.” This provides that 
before an engineering degree is awarded, 
sometimes at the bachelor’s level and 
certainly at the master’s level, the candi- 
date must have spent from six months 
to one full year in an appropriate indus- 
trial training program in the field. A 
variation of this is to require a study 
tour for a somewhat shorter period en- 
compassing a variety of industries. I be- 
lieve that for foreign students from the 
underdeveloped areas a good exposure 
to industrial methods and techniques in 
the fields closely related to the major 
interest of the candidate is virtually 
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mandatory, whether the student intends 
to enter the teaching profession, govern- 
ment service, or the industrial field. A 
simple series of visits to a dozen indus 
tries and government agencies for one or 
two days each can be illuminating but 
hardly meets the objective. It would ap- 
pear most helpful if an internship of at 
least six months and preferably one year 
were established. Selection of and co- 
operation by the company or companies 
where such internship would be served 
would become of very great importance. 
In some cases the full time could be spent 
profitably with a single organization if 
a variety of experience can be guar- 
anteed. More commonly, however, I be 
lieve that it would be better to arrange 
for two or three assignments of four to 
six months each. 


Such an internship program would be 
a tremendous challenge to industry in 
this country. We have tried to place a 
large number of foreign students in both 
short and long-range programs of this 
character, and while I must give ac 
knowledgment to the splendid coopera- 
tion that we have received from very 
many sources, I must also point out that 
the difficulties in finding appropriate as 
signments and acceptance from industry 
are enormous. The points most fre- 
quently raised by industry as bars to the 
acceptance of foreign students are the 
need for security clearance, the fear that 
trade secrets will be revealed, that the 
know-how which is acquired will be car 
ried back and applied to provide an un- 
fair competitive position for foreign in- 
dustry at a later time, and the obvious 
lack of continuity in employment which 
means the loss of men just when they are 
ready to make substantial contributions 
One of the most telling points, and a 
valid one, relates to the costs incurred by 
industry. They would, of course, run 
over a very wide range. To give you some 
indication of what is involved, I refen 
you to the recent report of the Commis- 
sion on Education and International Af- 
fairs of the American Council on Educa- 
tion dated May, 1961, entitled “Prob- 
lems of Cost and Programming of For- 
eign Visitors on the American Campus.” 


It is true that this refers to the costs of 
accommodating visitors at our schools 
rather than the costs incurred by indus- 
trial organizations, but I believe one 
could apply some factors to the figures 
cited here and come up with at least an 
order of magnitude of the costs incurred 
by our industrial friends when they a 
cept foreign students. The report to 
which I refer was prepared by Mr. Reu 
ben Lorenz, who happens to be the as 
sistant business manager of the Unive: 
sity of Wisconsin, so I have more than a 
passing acquaintance with it. Incidental- 
lv, a short summary statement with the 
salient facts is also available from the 
American Council on Education and has 
as its title, “Foreign Visitors on the 
American Campus.” I think the cost fig 
ures will be of interest to you. 


Days 
Single visitor lto7 $58.88 per day 
Single visitor over 7 23.33 per day 
Groups of 2to5) Lto7 28.18 per man-day 
Groups of 2to5 over7 = 15.26 per man-day 
Groups over 5 lto7 16.36 per man-day 
Groups over 5 over 7 8.27 per man-day 


Drawing from the experience of school 
and industry contracts with Federal 
agencies, industrial costs might well be 
112 to 2 times as great as the figures here 
cited. 

From long experience in trying to 
place foreign students with industry on 
either a short-term or a long-term basis 
I am convinced that some better method 
must be developed than now exists, 
where each American institution — is 
strictly on its own and writes literally 
thousands of letters to industry seeking 
such opportunity. 


A Clearing House 


This mav be the time, therefore, to 
raise the question: Is the establishment 
of a clearing house for industrial oppor 
tunity for foreign students a_ practical 
idea? Would it be possible for the Amer 
ican Societv for Engineering Education, 
representing all of the colleges of engi 
neering in the country, to work with in 
dustry in establishing a register of com 
panies willing to accept foreign students 


on either a short or a long-term basis? 
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Would it be possible in such a register 
to describe briefly the areas of engineer- 
ing in which work assignments could be 
made? Would industry be willing to in- 
dicate further whether foreign students 
would be accepted or employed under 
given conditions? in respect to the last 
question I would envisage some condi- 
tions as follows: (1) visitor, with a fee 
or without a fee; (2) a subprofessional 
employee at a nominal salary; (3) a sub- 
professional employee provided with a 
rigorous training program, with or with- 
out a nominal salary; (4) regular em 
ployee with regular salary. 

If such a clearing house with a com 
prehensive register could be developed, 
and if the financial considerations attend 
ant on the placing of students could be 


ascertained, I believe that all the univer- 
sities in the country could do a much 
better job than is now being done in pro- 
viding for foreign students the related 
industrial experience that is so badly 
needed. Our American institutions by 
their broad participation in the programs 
for foreign student training operating 
both at home and abroad have certainly 
spoken strongly in recognizing the need 
that exists. They have been using their 
best efforts, for the most part singly, to 
meet some of these needs. I believe that 
the time has come when the universities 
and industries must join forces and work 
together in developing the total program 
of training and experience that is es- 
sential if we are to provide a successful 
solution to the problem. 


“TECHNICIAN” 


The term “technician” is applied to persons working 


in a large and loosely de- 


fined group of technical occupations at many levels of skill requiring various kinds 
of education and/or training. The engineering technician is one who works in the 
area closest to the professional engineer and requires at least two years of college- 


level technical education (not first two years of engineering education). 


In the past 


many were trained on the job and had a number of years of prior experience. 


Representative John Brademas of Indiana, chairman of a bipartisan Advisory 


Group on Higher Education of the House of Representatives Committee on Education 
and Labor, when introducing HB 10396 to establish a program of grants for two- 
vear college-level technical education, stated that today’s technicians “cannot be 
trained by the vocational training and trade schools at the high school level . . . they 
are splendid programs, but they are simply not suited to meet the urgent new demand 
for technicians trained at the college level. The developments in science and _ tech- 
nology in the last 25 years have been so rapid that vocational or trade school educa- 
tion is simply not adequate to train persons for such jobs. The technician needs 


theoretical knowledge. not just craft skills.” 








Sufficiency of Engineering College Curricula 


ROBERT J. McAULEY 


The present engineering college cur- 
ricula are inadequate as preparation for 
the work which industry assigns to the 
engineering graduate it hires. This is the 
majority opinion of both young engineers 
with one to four years in industry and of 


engineering supervision in both large 
and small companies. 
These conclusions were drawn as a 


result of a survey made by the author. 
The survey was an original investigation 
to collect data for a master’s thesis. Six 
hundred graduates of metropolitan New 
York engineering colleges in the classes 
of 1955, 1956, 1957, and 1958 were 
contacted and 227 replied with opinions. 
Four hundred engineering supervisors in 
both large and smali companies in all 
parts of the United States were asked for 
opinions and 175 replied. 

Two hundred two engineers 
the question, “Are your duties 
expected they would be when you were 
an undergraduate?” Table 1 indicates 
the answers which were received from 


answered 
what you 


engineers in various industrial functions 


TABLE |, 
Engineering duties as expected when an 
undergraduate. 

Type of Work Yes No 
Development 42 43 
Research 30 15 
Production 12 16 
Sales 3 4 
Design 3 7 
Field Service 3 4 
Construction 2 3 
Administration l 1] 


The engineers were asked to specify 
by checking off from a supplied list, in 
which areas they felt for 


need more 


700 


training. The number of areas indicated 
in the replies received varied but was 
usually more than one. The fifteen most 


frequently mentioned are listed in Table 
9 


TABLE 2 
Areas in which engineers feel need for more 


training 


Number of 


Subject mentions 
Management 87 
English 70 
Theory in Major Field 66 
Psychology 57 
Mathematics 54 
General Business 19 
Economics 5 
Law 30) 
Science x0) 
Laboratory in Major Fie ld 29 
Thesis or Project 21 
Finance 19 


Marketing 
Accounting l 
Philosophy | 


Most of the replies from supervisors 
came from those in charge of less than 
25 engineers. Seventy-five per cent of the 
replies were received from supervisors of 
than 100 engineers. They 
universally had engineering 
themselves. The men who replied had 


less almost 


degrees 


been out of school from four vears to 58 
The “In 
are there specific areas in which inex 
In 


years question, your opinion 


perienced engineering graduates are 
adequately prepared to perform the du 
ties for which your company hires engi 
was answered in 141 of the 175 
There 12] 


to this question and 20 


neers? 


replies received were an 


swers of “ves” 


answers of “no. 


The supervisors were asked, if they 
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answered “ves” to this question, to write 
in what they thought should be added to 
or emphasized in engineering college 
curricula to correct this situation. Since 
no check-off list was provided, the replies 
were each worded differently. The au- 
thor condensed the replies into 26 cate- 
gories. Table 3 lists the ten which were 
mentioned most frequently. 


TABLE 3. 
What supervisors felt their engineers needed 
more of in college—ten most frequently 
mentioned. 


Number of 


Recommendation Occurrences 


Human communication 44 
spoken and written 
Engineering problems 28 
inalysis and solving 
General business studies 24 
Fundamental science & engineering 19 
Human relations 13 
Industrial practices 13 
Drafting and design 11 
Mathematics 10 
Laboratory techniques 8 
Electronics 6 


When the supervisors were given a 
checkoff of subjects which they felt more 
training would have been helpful dur 
ing their own careers, the list of replies 
was similar in many respects to replies 
received from recent graduates. The 
twelve most frequently mentioned are 
shown in Table 4. 


TABLE 4 


Areas in which supervisors felt themselves 
to need more training 


Number of Times 


Category Mentioned 
Management 76 
General Business 57 
English 48 
Psychology 42 
Mathematics 37 
Science ao 
Engineering Theory 30 
Finance 29 
Economics 29 
Marketing 26 
Accounting 23 
Philosophy 21 





This topic was selected for investiga- 
tion by the author because he had heard 
the engineers with whom he has been 
employed in several companies fre- 
quently say, “I never thought this was 
what an engineer did in industry while 
I was going to college.” Conversations 
with associates on why engineers felt 
this way and what should be done about 
it were unsatisfactory. Each associate ap- 
peared to have a unique opinion. One 
believed it was a peculiarity which re- 
sulted from policies and procedures fol- 
lowed by his current employer. Another 
thought that it was poor coordination 
between industry and the schools, that 
the schools were falling behind the in- 
dustry. A third felt that a particular per- 
sonality type is attracted to the profes- 
sion by the high school conception of 
engineering which, in that person’s opin- 
ion, is in gross error. 

This survey also investigated some of 
the vocational background of the engi- 
neers who were contacted. They were 
asked in what type of work were their 
fathers employed. The replies indicated 
that the opinion held by one of the au- 
thor’s associates that 40 per cent of the 
engineers are sons of engineers is in- 
correct. The replies indicated that the 
fathers of 225 engineers earned their 
livelihood in 114 ways. Only 14 replies 
indicated that the father was also an en- 
gineer. Their vocational background can- 
not be tersely described. It would not be 
true to say anything more specific than 
that the engineer is usually the son of a 
successful craftsman and sometimes the 
child of the proprietor of a one-man 
business. 


Most of the replies indicated that the 
individual decided to study engineering 
because he received high marks in 
science and mathematics in high school. 
Many indicated that they were mainly 
motivated by numerous advertisements 
for engineers in the employment sections 
of newspapers. Some indicated that they 
gave the matter little thought, that the 
school was near their home and that en- 
gineering was the only course taught. 

In 94 of the returned questionnaires 
the individuals indicated that they had 








702 JOURNAL OF ENGINEERING EDUCATION _ Vol. 52—No. 10 


vocational guidance. In 126 replies the 
engineer indicated that he had no guid- 
ance. Among the affirmative answers 
were a number of comments on the guid- 
ance they had had. These men indicated 
that it came mainly from a high school 
teacher who took care of this service at 
the school in addition to his regular 
teaching work. The men expressed doubt 
that these various individuals knew a sub- 
stantial fraction of the many legal ways 
of earning a livelihood in our complex 
contemporary industrialized civilization. 

Ninety-one answers indicated that the 
individual had an opportunity to talk to 
an engineer about his work at the time 
he was selecting this work. One hundred 
twenty-nine replies stated that the man 
did not have this access to information on 
the work of an engineer. Of the 91 men 
who talked with engineers, only 51 be- 
lieved that they understood the duties of 
an engineer. 

Forty-eight replies indicated the engi- 
neer never considered any other type of 
work. Ninety-two replies said that the 
man had considered and rejected other 
vocations without discussing the other 
vocations with individuals employed in 
them. Eighty-seven graduates answered 
that they rejected other professions but 
that they had talked to persons em- 
ployed in the rejected profession. Un- 
fortunately the greatest number ‘of re- 
turned questionnaires did not indicate 
what professions were rejected, although 
this information was requested. Among 
the answers which indicated a rejected 
“other vocation,” the rejected work most 
frequently encountered was mathematics, 
physics, or other branches of engineer- 
ing. These were followed by medicine 
and law, which were universally rejected 
because the man could not finance the 
protracted training required in either of 
these lines. 

The problem appears to be that very 
few persons except those who are work- 
ing at it know what an engineer does in 
industry today. Management complained 
most frequently about the inability of its 
engineers to communicate their ideas. 
The second most frequently mentioned 


need felt by engineers was more training 
in English. Management mentioned third 
most frequently that they felt more train- 
ing in English would be helpful. Indeed 
the public’s mental image of an engineer 
is a man who thinks a lot, says very lit- 
tle, and smokes a pipe. Perhaps the pub- 
lic is right. 

Engineering is attracting high school 
graduates who received good marks in 
They appea 
to be the sons of men who, although 
they are not engineers themselves, prob 
ably have worked with engineers. It 
might be that in wanting a better liveli- 
hood for their sons than they had, these 
fathers helped to orient these students 


mathematics and science 


toward engineering, the only profession 
which they had ample opportunity to 


observe 


hese young men appear to have be 
lieved, while they were studying for the 
profession in which their life’s work was 
going to be, that they would be employed 
to make new discoveries or inventions 
They seem not to have known that they 
would be dealing with people and that 
they would have to get along with their 
associates even if their personalities did 
not mesh perfectly. No one ever told 
them that they would be concerned with 
budgets, schedules, work loads, manu- 
facturing feasibility, market potential or 
financing of production. The replies to 
this survey indicate that only the majority 
of engineers who state they are employed 
in research found their industrial assign- 
ments similiar to the beliefs they had of 
an engineer's work while they were stu- 
dents. 


The students are not the only indi- 
viduals who do not know the types of 
assignments which industry gives to en- 
gineers. The author spoke to several edu- 
cators in the course of this study. When 
the typical duties of a project engineer, 
quality control engineer, reliability engi- 
neer, product engineer, standards engi- 
neer or administrative engineer were de- 
scribed, the educator's typical rejoinder 
was, “Oh, but that isn’t engineering. It’s 
something else.” These educators define 
engineering work in terms of the existing 
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curricula. They do not think it is those 
industrial assignments which have been 
adjudged to have an engineering degree 
as one requisite. 

This condition exists, the author sus- 
pects, because the men who are in engi- 
neering Management are not communi- 
cating with outsiders and making their 
needs known. There is the American So 
ciety for Engineering Education. It de- 
scribes itself as consisting of “over 10,000 
educators and engineers” and has “185 
companies which are industrial mem 
bers.” The author has seen the list of 
the industrial members and recognizes 
several as passive members of almost 
every society having any connection with 


their type of business. He does not know 
that they are all “joiners.” However, even 
if they are not, 185 companies is a very 
small percentage of the total number of 
employers of engineers ia America. 

The author concludes that: 

1. Engineering supervision should 
bring the present unsatisfactory situation 
to the attention of industrial manage- 
ment. 

2. The author's survey is much too 
small to serve as a basis on which to 
predicate any reforms. A large scale sur- 
vey is needed. It could be run by an 
existing civic organization or foundation 
or an existing industrial association. 


MATERIALS RESEARCH CENTER ESTABLISHED AT LEHIGH 


An interdepartmental search for the materials of tomorrow coupled with an 
interdisciplinary training of scientists and engineers of the future will be the major 
objective of the new Materials Research Center just established at Lehigh University. 


The formation of the new research and instructional center, which launched some 
initial phases of its program in April, was announced by Dr. Harvey A. Neville, presi- 


dent of the university. 


The Materials Center will emphasize t 


he research efforts of numerous Lehigh 


scientists and engineers from 10 different university departments and will provide 


various interdisciplinary educational programs at the graduate level. As the center 


grows, other departments will be added to the total program 


Research activities, which will relate properties of materials to electronic, atomic, 
molecular and crystal structure, will be focused on the understanding of fundamental 


behavior of all materials, metals and non-metals, for the purpose of discovering 


new materials as well as improvement and development of known materials for 


engineering use 
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One thing is certain, college surveying 
courses have been amply surveyed. Tab- 
ulations and evaluations have been nu- 
merous. The result is a generalized pic- 
ture of what is and what is not contained 
in surveying instruction throughout the 
nation. There have been few declara- 
tions of specific course content and teach- 
ing technique. Here is one example of 
what has been done in an attempt to jus- 
tify the preservation of required survey- 
ing courses in undergraduate civil engi- 
neering curricula. The surveying courses 
to be described are the result of joint 
opinions formed during an aggregate of 
23 years of teaching surveying at six dif- 
ferent universities. 

A valuable insight gathered from the 
numerous surveys indicates a nation-wide 
trend in the recent past to reduce re- 
quired surveying course credits. Accord- 
ing to a survey conducted this past veat 
this trend is still continuing. This may go 
on in the future. The reduction has been 
significant in the civil engineering cur- 
riculum and has resulted in almost total 
surveying courses in all 
In civil en- 


extinction of 
other engineering curricula. 
gineering this has led to the elimination 
of summer camps at many schools, al 
though a few schools have established 
camps. Technician programs have made 


inroads on course content usually covered 
Ith college level courses. In addition. 
other college disciplines seem willing and 
often eager to absorb subject matter dis 
carded from or never taken into the civil 
engineering curriculum 
hind these trends is not challenged here 


The wisdom be 


These trends are merely recognized as ex 
isting. 

It is desirable, however, to stop con 
tinued reduction in surveying credits by 
making changes to correct the deficien 
cies emphasized by past evaluations and 
current technology. If, in the past, sur 
veying courses had been changed rapidly 
enough to include the theory of enginee: 
ing measurements with applications to 
all fields of engineering, they might still 
be included in all engineering curricula 
This would have meant, of course, that 
the study of errors would have had to 
encompass some instruments like volt 
meters, ammeters, micrometers, and pres- 
sure gages, and quantities like displace- 
ment, force, strain, pressure, and accel 
eration, to mention only a few of the 
possible applications. A current 
need for this type of instruction is evi 
denced by the recent appearance of text- 


many 


books on mechanical engineering meas 
urements and electrical engineering meas- 
urements. It may be too late in most in- 
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stances to change surveying courses to 
meet this need because they have already 
been eliminated from non-civil engineer- 
ing curricula. It may still be possible to 
develop a new course, perhaps not called 
surveying, which would be desirable in 
all engineering curricula. Only the re- 
quired undergraduate surveying courses 
in civil engineering will be considered 


here, however. ) 


The civil engineering curriculum at 
Louisiana Polytechnic Institute was ex- 
tensively revised in 1960. During the 
study that preceded the revision, it be- 
came evident that the desirability of re- 
taining surveying courses depended upon 
an appropriate teaching philosophy and 
revision of technical subject matter. One 
of these alone would not be fully satis- 
factory. Because of the nature of the 
demands made of civil engineering grad- 
uates and because of the nature of the 
subject, it would not be possible to give 
a purely theoretical treatment. Too many 
employers still expected to get immedi- 
ate production from the recent graduate. 
The ability to analyze a problem, to 
think through a logical solution, and to 
organize and plan the activities of people 
to carry out the solution—this would 
never become obsolete and should always 
be included in engineering. While a 
teaching approach emphasizing 
things would be desirable in all engineer- 
ing courses, some courses did not lend 
themselves to this kind of teaching as 
well as surveying. Although it was rec- 
ognized that the teaching philosophy 
would be most important, the technical 
subject matter had to be revised to cre- 
ate student interest in the course, but 
both would serve only as vehicles through 
which the process of analyzing, synthe- 
sizing, and organizing would be taught 
The program that developed, it is be 
lieved, can be adapted in part to the re 
quirements of any school that does not 
desire to specialize in surveying at the 


these 


undergraduate level. 


Teaching Philosophy 


An appropriate teaching philosophy 
must be based on an understanding of 
what is to be accomplished. A broad def- 
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inition of civil engineering might be: the 
economic utilization of materials, proc- 
esses, and people for the control of man’s 
environment wherever he may be. And 
one equally broad for surveying might be: 
the economic determination within pre- 
scribed accuracy of the relative position 
of points wherever they may be. The 
teaching must be of a type which will 
educate civil engineering students to fill 
the requirements of these broad defini- 
tions whether on earth, the moon, or else- 
where. It is essential that the teacher be- 
lieve the subject to be as broad as the 
definitions offered above. 

If the teacher has this belief, a further 
requirement is a willingness to let the 
students analyze the problem and make 
necessary decisions under limited guid- 
ance. Contrary to what many may think, 
this is not easy on the instructor as out- 
lining the solution to the problem step by 
precious step. The instructor must be 
willing to spend time in discussion and 
have the ability to convince by the logic 
of his argument rather than his authority 
as the teacher. This requires familiarity 
with the major and allied subject matter 
to such an extent that he can lucidly dis- 
cuss problems as they arise without bene- 
fit of lengthy preparation. Obviously, 
most undergraduates or graduate assist- 
ants would not have the maturity de- 
manded by these requirements and many 
of them, as well as many experienced 
teachers, would not subscribe to this phi- 
losophy. Further, the teacher must feel 
that what he is teaching is important so 
that students will feel the same way. 


The teacher must establish an atmos- 
phere in his class in which the students 
can organize a solution to a problem and 
organize available personnel to obtain 
satisfactory results within available time. 
This may be time consuming and frus- 
trating as well. The teacher will have to 
be patient and sympathetic. He may 
need inspiration and originality because 
most surveying textbooks do not particu- 
larly facilitate teaching this way. After 
the data have been obtained they must 
be analyzed to ascertain that they are sat- 
isfactory or to identify the sonrce of 


error. It would be desirable to obtain 
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completely satisfactory results but with 
students making their own decisions this 
may not occur. While in professional 
practice it would be necessary to rework 
the problem, in school the emphasis 
should be on learning rather than on pro- 
duction. Therefore, conclude the prob- 
lem when sources of error have been 
identified, a proper summary as to their 
effect has been made and a revised pro- 
cedure for their eliminatoin has been de 
vised. Accordingly, skill drill is de-em 
phasized to the point where each student 
does not do each job. This applies not 
only to the more usual skills of level and 
transit routine but also to the more mod- 
ern routine of stereo-plotter operation. 

Review of a prerequisite course should 
be brief and to the point. The student is 
capable of doing most of the needed re- 
view on his own and this he will do if he 
knows it is expected. It is the teacher's 
function to make it amply clear that he 
is expected to do it. There simply is not 
time to rehash the same material over and 
over. The entire program of surveying 
courses and its transition into other 
courses must be planned and _ syllabi 
written. The surveying teachers should 
adhere to the syllabus but have the free- 
dom of developing any subject and 
adapting it to particular situations within 
the framework of this philosophy. 

The basic surveying courses should be 
taught as an integral part of an overall 
engineering problem, not as an end in 
themselves. The validity of this concept 
is borne out by the observation that some 
current literature in the civil engineering 
field fails to mention surveying as a sep- 
arate branch. For instance, the 1960 
Conference on Civil Engineering Educa 
tion did not include 
branch elective. Even so, many civil en- 
gineering students still get their first job 
A practical approach is 


surveying as a 


in surveying. 
necessary as a concession to economic 
reality whereas a theoretical approach 
more nearly satisfies academic demands 

Use of surveying as a tool in the solu- 
tion of engineering problems requires 
teaching a limited amount outside the 
surveying field. In some instances, stu- 
dents can be sent to the library to look 
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up information and interpret it in the 
light of their problem. In other instances, 
a student may have to make field investi- 
gations or interview local officials in order 
to make an interpretation, 
Time limitations may force a handbook 
or superficial solution to some problems 
if the surveying sequence is early in the 
curriculum. It is the responsibility of the 
instructor to amplify on the possible com- 
plexities of oversimplified student. solu- 
tions; to emphasize how a fuller under- 
standing can come from a more theoret- 


adequate 


ical approach; to inform the students 
where in the curriculum this subject js 
more thoroughly covered. All students 
do not need to look up all information 
Student-prepared briefing sessions should 
be utilized in which general information 
from the library or other sources can be 
applied to the specific problem. The stu 
dent presenting material should be pre 
pared to defend and to clarify his views 
or proposals when challenged by the in 
structor and other students. 
tor and the student speaker's peers should 


Che instruc 


evaluate the presentation. In private 
session the instructor and the speaker 
should discuss the evaluation with a view 
to improving future oral presentation of 


technical data 


Because, at Tech, the surveying se 
quence is early, emphasis is placed or 
these courses as a preview of later more 
detailed courses. Enough detail in any 
particular area is covered to permit logi 
cal advancement of the overall objective 
At any school, depending upon the back 
in the class, the 


instructor should consider upgrading the 


ground of the students 


problems so that they become an appli 
cation of various allied courses, e.g., geo! 
ogy, highway and traffic engineering, soil 
mechanics, hydrology, hydraulics, city 
planning, contracts, estimating, engineer 
humanistic 


ing economy, and several 


courses. 


A sympathetic administration must 
give instructors enough time before the 
course begins to choose acc eptable prob- 
lems. 


sentation, teaching loads must be low 


Under this system of course pre 


enough to allow time for conferences be 


tween instructor and students 
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must also be time for adjustment to un- 
foreseen difficulties which have a tend- 
ency to crop up in this style of teaching 
because of the looser instructor control. 
The course can be developed over a pe- 
riod of time at a rate conforming to the 
instructor's continued professional growth 
and to student acceptance of this broad 
approach. This type of education re 
quires more cooperation because of the 
frequent mutual exchange of ideas be- 
tween teacher and students as compared 
to the more generally accepted method 
of one-way flow of information from in- 
structor to students. 


The grading of students under this pro 
gram may seem difficult because of the 
lack of standardization of student activ 
itv and because of considerable group 
performance. Grading can be accom 
plished by using a weighted average olf 
several factors. Among these are: (1) 
tests designed to evaluate understanding 
of fundamentals and of specific applica 
tion of these fundamentals to the prob- 
lem solved, (2) individual student criti- 
cism of the deficiencies of the group proj- 
ect and suggested improvements, (3) 
content and presentation of individual 
student’s brief, (4) evaluation of each 
individual student’s contribution to the 
project by his peers, and (5) an overall 
evaluation by the instructor 


Subject Matter 


Is a course taught in this manner sur 
veying? If the customary approach is 
considered, the answer is no, it is more 
engineering. This method emphasizes 
the professional aspects while playing 
down the technical material. Surveying 
is used as the medium, and it is a good 
one, through which professional con 
cepts are taught. Although it plays a 
subservient role, the subject matter must 
be current enough to be interesting, vital 
enough to be attractive, difficult enough 
to be challenging, and stimulating enough 
to engender creative thinking about fu- 
ture problems. In addition, it must be 
practical enough to make graduates at- 
tractive to prospective employers. But 
here there seems to be a dilemma 
Twenty years ago geodesy was a feature 
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of surveying courses. Most faculties 
thought the presentation of this subject 
too specialized and time consuming and 
so it was eliminated at many schools. 
Thus only plane surveying remained and 
instrument operation often received un- 
due emphasis. The paradox is that ge- 
odesy is now needed more than ever be- 
cause of technical advances in making 
earth measurements of an_ interconti- 
nental magnitude. Moreover, the future 
will require interplanetary measure- 
ments. There is no good reason for sur- 
veying to be earthbound. On the other 
hand, the manual skills of instrument op- 
eration are needed less by the graduate 
civil engineer because they have been in- 
corporated in the training of technicians 
who are being hired by many organiza- 
tions to execute routine surveying func- 
tions. 


Che 1959 classification of surveying 
and mapping positions compiled by a 
task committee of the American Society 
of Civil Engineers outlines the fields of 
professional and technical levels as fol- 
lows: land surveying, engineering sur- 
veying, geodesy, cartographic surveys, 
aerial surveys, and cartography. This 
classification provides a good basis for 
selecting subject matter. Evidently the 
subject matter should range from the 
mundane taping of land surveying to the 
esoteric measurements of space. 


As a result of the foregoing analysis, at 
Tech the objective of the first course is to 
develop some skill in making and record- 
ing vertical and horizontal, linear and an- 
gular measurements and to develop an 
understanding of mistakes, systematic er- 
rors, and accidental errors—their elim- 
ination, reduction, probability, propaga- 
tion and correction. Field and office ex- 
ercises are performed by the student in 
an experimental manner to demonstrate 
for himself the limitations in accuracy 
due to imperfections in the observer, the 
instruments, the procedure, and the en- 
vironment. The idea is that one good ex- 
perimental investigation into the charac- 
teristics of errors is preferable to many 
cookbook attempts at practicality. The 
experiment is as individualistic as possi- 
ble to make certain that each student un- 








derstands the fundamentals before pro- 
gressing to project-type courses which 
will follow. Here is begun the study of 
the appropriate number of significant 
figures resulting trom arithmetic opera- 
tions on physical measurements. Also 
beginning here and extending through 
later courses are calculation methods in- 
volving logarithms, slide rule, desk calcu- 
lator, and electronic computer. 

A succeeding course introduces the 
synthesis concept in that the student is 
expected to integrate the fundamentals 
learned from the previous course in order 
to provide data useful in the solution of 
an engineering problem. The end prod- 
uct of this course is the development of 
a land subdivision through engineering 
planning obtained by utilizing the party- 
project method. The technical material 
covered in this course includes traverse 
surveys and computations, stadia meth- 
ods, topographic surveys, horizontal and 
vertical curves, earthwork, United States 
Public Land Surveys, and municipal sur- 
veys. Some professional aspects are 
taught by considering requirements for 
registration as a land surveyor or an en- 
gineer. Some matters that would ordi- 
narily be considered to fall outside the 
content of the usual surveying course but 
are included in this one are street grades, 
sewer depths and grades, utility ease- 
ments, and building site aesthetics. Hu- 
manistic factors are brought in through 
consideration of legal, sociological, polit- 
ical, and economic aspects involved in 
planning the subdivision. The class lays 
out part of the subdivision—but only part. 
As a final touch, one building layout is 
made on a lot. 

A course which can be taken either 
after or before the course just described 
is one stressing surveys over large areas. 
This course develops an appreciation for 
surveying refinements and a realization 
of the time required for second order ac- 
curacy. It also deals with surveying tech- 
niques based on electronics, photogram- 
metry, and geodetic principles related to 
the space age. Technical subject matter 
includes precise horizontal and_ vertical 
control through triangulation, tri-latera- 
tion, and leveling; celestial observations; 
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state plane coordinate systems; geometry 
and interpretation of aerial photographs: 
In addition to the 
usual practical astronomy, the techniques 


electronic surveying. 


of satellite tracking are used to create in- 
terest and to interrelate technical subject 
matter in this course. This also provides 
a hint of the future path surveying might 
take. The study of state plane coordinate 
systems includes some geophysical con- 
cepts. The shape of the earth is studied 
and the relationship of the geoid, spher. 
oid, and at least one projection is estab. 
lished. The advantages and disadvan. 
tages of aerial and ground mapping are 
emphasized in preference to excessive 
details of photography and stereoscopy 
Electronic surveying includes conside; 
ation of positioning by geometric grid 
patterns formed by pulse and phase tech 
niques and of distance measurement by 
light, radio, and sound waves 
passed through atmosphere, earth, and 
water. This course has a group project 
in addition to individual problems. The 
group project involves the extension of 


use of 


control into a designated area with state 
plane coordinates of control points being 
the final objective. 


The typical route surveying course has 
been more accurately named the geomet 
ric design of routes. This course follows 
the previous three courses and is an ad 
mirable transition into transportation en 
gineering and in fact could be included 
in the transportation sequence. In any 
includes 
theory and computations for horizontal 


event, the technical material 
alignment, vertical alignr-ent, and cross- 
section design as dictated by character- 
istics of vehicles, operators, and geo- 
graphic location. Also considered are 
subgrade, base and ballast courses, and 
wearing surfaces. All of this technical 
material is presented from the viewpoint 
of its application to highways, railroads, 
airports, canals, pipelines, and missile 
sites. 

The course in transportation engineer- 
ing follows this. 
location project includes applications of 
some of the foregoing ideas plus some 
elements of traffic engineering, structural 
design of cross-section, drainage, and 


In it a short highway 
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construction methods. This course is fur- 
ther training in organizing personnel, de- 
veloping acceptable procedures (includ- 
ing use of electronic computers), and 
presenting in words and drawings a pro- 
posed solution to a problem first given in 
only general terms. This course, in its 
turn, serves as an excellent preview of 
and a transition to other branches of civil 
engineering such as soil mechanics, hy- 
drology, and hydraulics. 

These courses were incorporated in the 
present curricula without increasing the 
number of credits allotted to surveying 
by streamlining the presentation of all 
material and eliminating unduly repeti- 
tious material. This meant that available 
teaching aids had to be used effectively 
and, ideally, more should be devised. 
Further efficiency could be obtained if 
teaching aids were readily accessible to 
the classroom so that there would be lit 
tle lost time in getting ready for class. 
Applications of general principles of sur 
veying to a number of specialized uses 
constitute undue repetition and some had 
to be deleted. 


The foregoing courses were offered at 
Louisiana Polytechnic Institute for the 
first time beginning in June 1961. On the 
basis of a year’s experience it may be re 
ported that students are most receptive to 
the approach and the program is believed 
to be a success. The first three courses 
comprise eight semester hours and are 
what would normally be considered sum 
veying courses. A summer camp with 
adequate living and academic facilities 
would be the ideal place to teach these 
courses, primarily because of the flexi 
bility obtained by student concentration 
on the course without the distractions of 
the campus. But camps are expensive 
for the students, staff, and school. These 
economic considerations made a camp 
impractical. At Louisiana Tech an at 
tempt is made to adapt the best camp 
features to the campus in a pre-sopho 
more summer program. The eight se 
mester hours are taught only during the 
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summer sessions and constitute a full 
program. These credits are taught on an 
eight-hour-a-day basis with the funda- 
mental course occupying the first two 
weeks. The two following courses are 
taught in interchangeable sequence de- 
pending upon equipment, number of stu- 
dents and teacher availability. 

The geometric design of routes and the 
transportation engineering courses are 
taught during the fall and spring semes- 
ters, respectively, and comprise seven se- 
mester hours credit, two of which are 
awarded for six hours of laboratory per 
week in the transportation engineering 
course. Upon the completion of these re- 
quired courses, students may elect ad- 
vanced courses. One of the most popular 
is a two-credit photogrammetry course 
which this year will have a multiplex 
plotter added to its otherwise well- 
equipped laboratory. 

It would be desirable if, in the senior 
year, another course in some branch of 
civil engineering could be used to inte- 
grate and review past courses. This 
would provide a truly cohesive educa- 
tional experience and would be an ap- 
propriate extension of the educational 
philosophy begun with the surveying 
courses. 

In our opinion, surveying instruction 
which continues to emphasize technical 
details of plane surveying does not belong 
in an engineering curriculum and should 
be relegated to a technician program. 
With appropriate teaching philosophy 
and subject matter, surveying courses can 
be upgraded to teach the professional ap- 
proach in terms of modern problems. 
This approach more closely approximates 
the work an engineer should be doing 
after graduation rather than the work a 
technician would be doing. In other 
words, the student should have more 
practice in deciding what results are ade- 
quate and less practice in the routine of 
obtaining those results. If this is done, 
surveying courses justify their place in 
the civil engineering curriculum. 
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Drafting is a key function in the en- 
gineering operation and is responsible 
for the expenditure of a large portion of 
the engineering budget. Because of this, 
industry is constantly searching for new 
and better methods and materials to re- 
duce the time and effort required to make 
drawings. 

A mechanical drawing is an instruction, 
not a work of art. The drawing must be 
simple, concise, accurate and immedi- 
ately understandable to the user. Draw 
ings are primarily made for the planning, 
production, manufacturing, and construc 
tion people. They are not in the least 
bit interested in drafting techniques o1 
in beautifully executed time consuming 
orthographic projections. The most sig- 
nificant part of an engineering drawing 
is the thinking that goes into it. The 
picture-making part of graphics is the 
least important. It is important, too, that 
the information be complete, accurate, 
concise and in the hands of proper per- 
sonnel on time. 

This brief introduction indicates in a 
general way the attitude of industry to- 
ward graphics. Indeed, engineering 
graphics is at the crossroads today. What 
is the future of graphics? Are the tech- 
nical colleges and universities meeting 
their obligations by updating their cur- 
ricula to meet the changing needs of 
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industry? I believe that you gentlemen 
are faced with the problem of appraising 
the courses now being given in engineer- 
ing graphics to determine if they satis- 
factorily meet the requirements of our 
rapidly changing technology and the ap- 
plication of the many new 
being introduced by industry. 


techniques 


There have already been many rapid 


and major changes in the curricula 
offered by the accredited colleges of en- 
gineering throughout the United States 
Che trend has been to decrease the num 
ber of hours devoted to engineering 
drawing or graphics, to reduce the num- 
ber of shop and laboratory courses, and 
also to reduce the number of hours 
devoted to courses involving logic and 
design. 

Unfortunately, these changes are tak 
ing us in the wrong direction. An en 
gineering school whose curricula are 
woefully weak in engineering graphics 
is foisting an unfinished product on 
American industry. I believe that any 
school that produces engineering gradu 
ates with little or no knowledge of en 
gineering graphics is as negligent as an 
automotive manufacturer would be if he 
produced and sold automobiles without 
engines. Educators should not shirk their 
responsibilities and rely on industry to 
fill in gaps and round out the education 
of graduate engineers. Yet, because of 
the inability of young engineers to per 
form satisfactorily, many large compa- 
nies have found it necessary to institute 
training programs to increase their pro- 
ficiency in engineering graphics. Industry 
would prefer a change in the curricula 
that would allow for an increase in time 
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allotted to engineering graphics, since 
most young engineers today do _ not 
have sufficient understanding of the 
“language” of their profession. The in- 
clusion in the curricula of some of the 
advanced graphics procedures employed 
by industry would require the allotment 
of additional time due to the complexity 
of the subject matter involved. 

Perhaps one of the obstacles to the 
development of efficient engineering cur- 
ricula is the fact that staff members who 
deliberate upon and plan the undergradu- 
ate courses are frequently educators who 
have had limited service in industry or 
actual engineering practice. 

The young engineer today must be 
able to communicate mathematically, 
orally, and in writing as well as to be 
able to express himself graphically, but 
of prime importance is his ability to com- 
municate in the “language” of his pro- 
fession, graphics. He must have a 
thorough understanding of the theories 
of orthographic projection and descrip- 
tive geometry as well as the ability to 
read and understand production draw- 
ings. He should also be capable of super- 
vising the actual design of a product or 
part and the generation of its related 
drawings. The most practicable ideas on 
inventions would be worthless if the 
creator were unable to communicate or 
express himself graphically with knowl- 
edgeable people. 

Many educators defend the reduction 
of time allotted to graphics by claiming 
that thev are turning out engineers and 
not draftsmen. This is true; but how many 
of these graduates actually end up work 
ing at the purely theoretical engineering 
that they studied in college? Because of 
changes in interests and opportunities, 
many young engineers have found them- 
selves in such positions as sales engi 
neers, manufacturing engineers, design 
engineers, and many other similar posi- 
tions. On the other hand, a minority of 
engineers are engaged in pure research. 

The engineering drawing is the vital 
link between engineering and manufac 
turing or construction. It indicates how 
the company’s funds will be spent on 
materials and labor. The manufacturing 


engineer, sales engimeer or any other 


personnel who are required to read a print 
and render decisions accordingly must be 
well versed in engineering graphics. Any 
misinterpretation of the drawing in the 
manufacturing or sales area could be 
extremely costly to the company. 

Many educators believe that more and 
more new subject matter should be in- 
cluded in the undergraduate curriculum 
in order to keep pace with the latest 
technology and scientific developments. 
However, there is a limit to the amount 
of knowledge that can be absorbed by a 
prospective engineer in a given amount 
of time. 

All engineering schools have certain 
requirements which must be met before 
a student is accepted. Basic engineering 
graphics should be one of these require- 
ments. It is a deplorable waste of time for 
a’man of college level to be laboring 
over such fundamentals as_ lettering, 
arrowheads, line work, elementary pro- 
jections, etc., when he could be learning 
something more constructive and_per- 
tinent to his field of endeavor. If the stu- 
dent had basic engineering drawing in 
high school, he would be prepared to 
study advanced graphics in college. For 
many years, the University of California 
has had such a requirement of one year 
of drawing before college entrance, and 
four credits of graphics in engineering 
curricula, 

Possibly, thought should be given to 
increasing the college engineering pro- 
gram to a five-or six-year course with 
the first two years devoted to basic en- 
gineering obtained through classroom 
activities. The last four years could be 
conducted on a cooperative basis with 
the student dividing his time between 
the classroom and working in industry. 
The system has been effective for many 
vears in Europe, and several schools in 
the United States operate on a_ basis 
similar to this. 

Although industry is constantly striv- 
ing to reduce the time and effort ex- 
pended in making drawings, they do not 
condone going from the one extreme, the 
beautiful drawing with its many pro- 
jected views and overly detailed views 
and sections to the other, the sloppy, 
careless and incomplete drawing that 
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causes wasteful confusion in the factory 
or on the construction site. 


New Graphics Procedures 

Earlier this year, a company an- 
nounced that complex engineering draw- 
ings were being produced by electron 
beams in less than one-half second from 
information supplied by a computer. The 
device’ produces lines, curves, symbols, 
dimensions, and captions necessary for 
producing detailed drawings. The views 
are produced on a cathode-ray tube and 
photographed on microfilm. 

Not only can this equipment produce 
a mechanical drawing directly from a 
computer code, but it can also use the 
same code to produce tapes to operate 
the production equipment. 

Another company has announced the 
release of a machine that will do drafting, 
lofting, scribing, plotting and production 
tape verification. The machine can ac- 
curately prepare an engineering drawing 
of a part or assembly up to 60 inches x 
144 inches in size in a continuous opera- 
tion. The machine can produce solid or 
broken lines on standard types of draw- 
ing material such as vellum, glass, cloth, 
and the like, with drawing instruments, 
and scribe metallic or plastic-coated sur- 
faces with scribing tools in the X-Y plane 
Provision can also be made for producing 
drawings and plots in the X-Z and Y-Z 
planes. 

Another technique being employed is 
photodrawing, a combination photograph 
and line drawing. The purpose of a 
photodrawing is not to curtail creative 
talent—its very nature limits its use to 
things that already exist. You can’t make 
a photograph of something that isn't 
there. However, a designer can lay out 
graphically ideas that exist only in his 
head. Therefore photodrawings supple- 
ment rather than replace engineering 
drawings. 

One of the most important features of 
photodrawings is readability. Many 
people, including engineers, find it dif- 
ficult to read a schematic diagram or 
mechanical drawing, but have no trouble 
interpreting a pictorial representation. 


Another machine in use is a photo- 


graphic composing machine with a 114 
button keyboard. It prepares wiring dia- 
grams faster and neater than a skilled 
draftsman can. This machine is a photo 
drafting device which uses brass key 
matrices similar to a linotype machine, 
But, instead of an alphabet mold at the 
end, the matrices have a negative of an 
electrical symbol or letter imbedded in 
their sides. Thus, rather than slugs of 
lead type, it turns out a series of photos 
—black line images on transparent posi- 
tive film, of the complete line wire dia- 
gram. 

For this machine to operate efficiently 
an engineer must make a freehand sketch 
of the basic circuit design on indexed 
cross-sectioned paper as a reference for 
the operator, 

Another new Inethod 
promises cuts in engineering design and 
drafting costs of from 33 to 50 per cent. 
It does away with drawings made by 
using conventional drawing boards, par- 


engineering 


allels, and T-squares. Instead, engineers 
now put their designs directly on wall- 
size blackboards and record them photo 
graphically. The technique, developed 
over the past five years, is similar to 
“brainstorming” sessions used in adver- 
tising agencies. With this new method 
the engineers and designers work together 
as a group at a huge blackboard. Each 
man is assigned a specific part of the 
design to develop and his ideas are con- 
stantly on display as he progresses. The 
director of engineering or the project 
manager Can see the project in its en- 
tirety 
drawings one at a time. If a change is 


instead of inspecting individual 
indicated, it can be made just by erasing 
the chalk and sketching a new version. 


While the technique sounds simple, in 
actual practice it takes considerable skill 
to conduct properly and requires a great 
degree of proficiency in engineering 
graphics. The engineer cannot be idle at 
the blackboard. If he stands still, others 
will notice, and they will pitch in to help 
him. This technique requires that engi- 
neers be well versed in engineering gra- 
phics. 

A technique from which industry will 
realize its greatest profits is the numer- 
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ical control of production machinery. 
Numerical control introduces a whole 
new technique of mathematical dimen- 
sioning into the design field. Converting 
dimensioned parts to coordinate dimen- 
sions for programming now wastes 50 
per cent of drafting hours. 

As numerical control becomes more 
widely used, it will be necessary for pro- 
ducts to be designed to the capabilities 
of the machines that will produce the 
part. All engineered surfaces must be 
mathematically definable. French curve 
matching will not do for accurate numer- 
ically controlled machining. Models and 
templates will be replaced by mathe- 
matical calculations. Design engineering 
and methods planning will be oriented 
more to the capabilities of the machine 
tool — tool design and preparation costs 
will be pared drastically, often more than 
70 per cent. As product design begins to 
incorporate changes to take advantage 
of numerical control, several parts will be 
integrated into a single part design. 

Part design, specifications, basic lines, 
and data are engineering areas most 
likely to be affected by numerical control. 
It may be required to alter drafting for- 
mats so various lines and data can be 
easily translated into numbers and sym- 
bols for processing and programming. 


Any company making use of numerical 
control usually appoints a coordinator. 
This man should have engineering train 
ing and administrative experience, for a 
coordinator must analyze proposals rang- 
ing from complicated electronic systems 
to modern accounting procedures 

The introduction of this equipment and 
machinery has created many new jobs; 
there is an increasing demand for pro- 
grammers for computers and numerical- 
ly controlled machines. Programming is 
extremely important. It is the last big 
human effort in numerical control and 
cannot be overlooked or underestimated. 


Because of the extremely high cost of 
equipment, industry prefers experienced, 
educated personnel as programmers. It is 
preferred that the programmer be a 
graduate engineer with training similar 
to that of a manufacturing engineer. He 
must have the ability to visualize an en- 


gineering drawing as a three-dimensional 
object, and he must be familiar with 
machining operations. 

It is easier to teach computer opera- 
tions to an engineer than engineering to 
a computer operator. 

At present very few companies can 
avail themselves of the new equipment 
because of the very high cost. To utilize 
this equipment properly, the drafting out- 
put must be very high and the drawings 
or information of an easily standardized 
nature. 

The preceding discussion of new draw- 
ing equipment relates strictly to the 
mechanics of making drawings and has 
nothing to do with the creativity or logic 
involved. 

The implementation of computer-made 
or machine-produced engineering draw- 
ings has not changed the basic concepts 
or fundamental principles of engineering 
graphics. However, those responsible for 
the development of curricula should 
evaluate the additional graphics instruc- 
tion necessitated by the introduction of 
new graphics systems by industry. En- 
gineering graphics courses should now 
include the latest techniques in mathe- 
matical dimensioning, part design, and 
basic data conducive to the use of numer- 
ically controlled production machinery 
and computer design of standard type 
components. 

Engineering graphics is at the cross- 
roads. It is an art continually de-empha- 
sized in the colleges and universities 
while, at the same time, it has become 
increasingly important in industry. 

More and more new graphic develop- 
ments will evolve. Specialists will be 
needed with the training and understand- 
ing of engineers. And these men will 
have to understand graphics — it is the 
language of the engineer. 

Technological advances are creating 
many new educational requirements. 
How the universities meet these require- 
ments — with new and expanded courses, 
specialized pre-engineering programs or 
in some other manner — will largely de- 
termine whether the engineering cur- 
ricula of the future will respond to the 
needs of industry. 





What’s Going On In ASEE 


Major Actions at the April Meeting of the Executive Board 


W. LEIGHTON COLLINS 
Secretary, ASEE 


Two changes in the publication sched- 
ule of the JouRNAL OF ENGINEERING Epvu- 
CATION will become effective next year. 
First, there will be a September issue. 
The shorter lead time of the new printer 
makes possible a September issue deal- 
ing with the activities at the Annual 
Meeting. Secondly, the Yearbook and 
Membership Directory will be published 
in December instead of on February 15. 
The yearbook data will be requested in 
June, at the same time you are asked to 
pay your dues. This will make the issue 
useful over a longer period of time. Ed- 
itor Bryant also reported that although 
about 100 papers are published each 
year, there are about that number on 
hand for disposition. 

The direct mailing of ballots to the in- 
dividual members brought a terrific re- 
turn. Almost 3,000 ballots 
about six to seven times as many as in 
previous years. The number of publica- 
tions ordered also was surprising; about 
one-quarter of the ballots contained or- 
ders and about two-thirds of them were 
prepaid. Total sales amounted to almost 
$700. 

The amendment of the 
again occupied much of the time. After 
a long discussion, the previously made 
decision to submit the amended consti- 
tution with provision for a Technical In- 
stitute Council as “one package” was re- 
affirmed by a four-to-three vote. It also 
was voted that the amended constitution 
becomes effective, if it is approved, at the 
close of the Annual Banquet on Thurs- 


were cast, 


constitution 


714 


day, June 21, 1962. This will enable the 
newly constituted groups to meet on the 
next day and thus immediately be ready 
to function effectively. 
President R. W. Van 
ceived a request from EJC President Eric 
A. Walker to get together with ECPD 
President R. A. Morgan to draw up a po 
sition statement for the fields of activity 
for ASEE and ECPD. There was a strong 
feeling that EJC should not operate in 
the areas of activity of its member soci 
instead, matters pertaining to the 
work of a be 
ferred to the society for appropriate ac 
tion. In the case of ASEE 
that all matters pertaining to the 


Houten has re- 


eties; 
given society should re 
this means 
aCa 
demic area—undergraduate and graduate 
and including research—should con 
sidered the area of activity of ASEE. Ac 
creditation and its relation to registration 


is strictly within the province of ECPD 


be 


along with guidance. 

The relations of ASEE with the educa 
tion of 
believed to be an important activity for 
the new executive committees of the vice 


committees other societies was 


presidents for divisions to develop 


Conferences with NSF personnel indi 
cate that the revised proposal for the sup 
port of the Projects Committee will not 
be approved. Thus, it was voted to with 
draw the proposal. In the future 


posals will need to include appropriate 


pro 


headquarters and planning costs, as well 
as indirect costs, in order to get funds for 
the Projects Committee. It ap 
parent that NSF is going to support the 


iS very 


10, June, 1962 
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Commission on Engineering Education. 
NSF does not like to grant funds to 
societies for planning purposes because of 
the possible lack of continuity of society 
policies due to changes of officers; it 
much prefers to make grants to inde- 
pendent commissions. 

“Education for the Future—The Amer- 
ican Heritage” was approved as the 
theme for the 1963 meeting in Philadel- 
phia. 

Treasurer Burton reported that the fi- 
nancial report for the third quarter in- 
dicated that income was in accordance 
with the budget and that expenditures 
were somewhat less than expected. Thus, 
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The new members of the Executive 

Committee of ECAC are: 

G. F. Branigan 

A. C. Ingersol 

R. E. Shaver 
ECRC also reported the University of 
Massachusetts as a new member. 

Much of the increased activity of Sec- 
tions and improvement in programming 
is attributed to the respective vice presi- 
dents attending at least one meeting of 
each Section under their jurisdictions. It 
is expected that the benefits of this prac- 
tice, started this year, will continue to 
mount. 


Final actions on the election of indus- 





it looks as though we should have a good 


year. Next year’s budget can be balanced trial membership were taken for the fol- 


lowing companies: 

ARO, Inc. 

Chandler Evans, Corp. 

Collins Radio Co. 

Hewlett-Packard Co. 

Ingalls Shipbuilding Corp. 

New England Telephone and Tele- 
graph 

New York Telephone Co. 

Southern New England Telephone 
Co. 

Wyandott Chemicals Corp. 


only because of the added income from 
the increase in dues for institutional 
members. Increased expenditures will be 
required for ECAC, the new Technical 
Institute Council, and the Executive 
Committees of the Vice Presidents for 
Divisions and Sections The Projects 
Committee also will require added funds 
The new officers from ECRC were re 
ported to be: 
Chairman—C. C. Chambers 
Senior Vice Chairman—]J. M. Pettit 


Junior Vice Chairman—M. A. Wil The next meetings of the Executive 
liamson Board, at the Air Force Academy, are: 
Directors—M. E. Forsman and F Sunday, June 17, 6:30 P.M., dinner 
L. Fostei meeting; Wednesday, June 20, 1:30 P.M. 


NEW INSTITUTE AT WAYNE STATE 


Wayne State University has announced the creation of a new Institute for 
Biological Systems Engineering. 

Research in the Institute will have as a maior objective the analysis of stress 
strain relationships in biological systems. tee 

In announcing the creation of the Institute, Dr. Randall M. Whaley, vice presi- 
dent for graduate studies and research stated: “It has become increasingly clear 
that our most critical problems are so complex that they can only be attacked by the 
joint effort of many different specialists. 

The nucleus of strength at Wayne around which this Institute will be built is 
the well established and internationally known program of the Center for Biomechanics 
Research. Identified as a center four years ago, this program of medical researchers 
and engineers has for 16 years made significant contributions to an understanding 
of the effects of impact on human subjects. 
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January, 


1962 


A REPORT 
OF THE 


, IN MATHEMATICS 
MATHEMATICAL ASSOCIATION OF AMERICA 


The Committee on the Undergraduate Program 


in Mathematics 


(CUPM) is 
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mittee of the Mathematical Association of America and is supported in part by the National 
Science Foundation. The general purpose of this committee is to develop a broad program 
of improvement in the undergraduate mathematics curriculum of the nation’s colleges and 


universities. 
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The CUPM Panel on Physical Sciences and Engineering has been primarily concerned 
with the curriculum as it relates to the training of engineers and physicists. In this report 
we present our recommendations on required and optional mathematics courses for students 
majoring in these fields. Later reports will deal with other aspects of scientific training. 


To help bring about the curriculum changes implied by these recommendations, the 
panel encourages appropriate conferences, experimental programs and textbook writing, and 
will support all worthy efforts in these directions. 


The membership of CUPM’s Panel on Mathematics for the Physical Sciences and 


Engineering is as follows: 


R. J. Walker 
Department of Mathematics 
Cornell University 
Chairman 


G. F. Carrier 

Division of Engineering 
and Applied Physics 

Harvard University 

E. U. Condon 

Department of Physics 

Washington University 


Charles A. Desoer 

Division of Electrical Engineering 
University of California, Berkeley 
T. P. Palmer 

Department of Mathematics 

Rose Polytechnic Institute 


Background 


One reason for the current effort on the 


undergraduate program is the rapid 
change in the mathematical world and in 
its immediate surroundings. Three as- 
pects of this change have a particular 
effect on the undergraduate training in 
physical sciences and engineering. The 
first is the work being done in improving 
mathematics education in the secondary 
school. Several programs for this have 
already had considerable effect and can 
be expected to have a great deal more 
Not only can we hope that soon most 
freshmen expecting to take a scientific 
program will have covered precalculus 
mathematics, but, perhaps more import- 
ant, they will be accustomed to care 
and precision of mathematical thought 
and statement. Of course, not all stu 
dents will have this level of preparation 
in the foreseeable future, but the pro 
portion will be large enough to enable us 
Students with 


poorer preparation may be expected to 


to plan on this basis. 


take remedial courses without credit be 
fore they start the regular program 


Henry O. Pollak 

Mathematics and Mechanics 
Research Center 

Bell Telephone Laboratories, Inc 


G. Baley Price 

Conference Board of the 
Mathematical Sciences and 

Department of Mathematics 

University of Kansas 


Murray Protter 
Department of Mathematics 
University of California, Berkeley 


Chis improved preparation obviously 
means that we will be able to improve the 
content of the beginning calculus course, 
since topics which take time in the first 
two years will have been covered earlier. 
More than that, however, it means that 
the elementary calculus course will have 
to take a more sophisticated attitude in 
order to keep the student from laughing 
at a course in college which is less care- 
ful mathematically than its secondary- 
school predecessors. 

The second aspect of change in mathe- 
matics which confronts us is the expan- 
sion in the applications of mathematics 
There is a real “revolution” in engineer- 
ing—perhaps “explosion” is an even bet- 
ter description than “revolution,” be- 
cause, ‘as it turns out, several trends head- 
ing in different, directions are simultane- 
ously visible. One is a trend toward basic 
scierice. The mathematical aspect of this 
a strengthening of interest in 
more algebraic and abstract concepts. 


trend is 


An orthogonal trend is one towards the 
engineering of large systems. These sys- 
tems, both military and nonmilitary, are 
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of ever-increasing complexity and must 
be optimized with regard to such fac- 
tors as cost, reliability, maintenance, etc. 
Resulting mathematical interests are 
probability and statistics, and linear al- 
gebra. A further trend, in part a conse- 
quence of the preceding two, is a real 
increase in the variety and depth of the 
mathematical tools which interest the en- 
gineer. In general, engineers are finding 
that they need to use new and unfamiliar 
mathematics of a wide variety of types. 

A third factor is the arrival of the 
electronic computer. It is having its ef- 
fect on every phase of science and tech- 
nology, all the way from basic research 
to the production line. In mathematics it 
has, for one thing, moved some tech- 
niques from the abstract to the practical 
field; for example, some series expansions, 
iterative techniques, and so forth. Then, 
too, computers have led people to tackle 
problems they would never have con- 
sidered before, such as large systems of 
linear equations, linear and nonlinear 
programing, and Monte Carlo methods 
Many of these new techniques require 
increased sophistication in mathematics. 

An additional factor entering from an- 
other direction must also be mentioned. 
Mathematicians in the United States have 
in recent years become much more closely 
involved with areas adjacent to their 
own research. Of the many factors which 
enter here, we may mention the greatly 
increased interest of mathematicians at 
all levels in education, the rapid growth 
of mathematical employment in industry, 
the spread of research and consulting 
contracts into the universities, and the 
development of a number of mathemat- 
information 
theory, that have many applications but 
are not classical applied mathematics. 
There is thus a real desire among mathe 


ical disciplines, such as 


maticians and physical scientists to co- 
operate in matters of education. 


The above conclusions, and the rec- 
ommendations that constitute the body 
of this report, were formulated by the 
Panel after extensive consultation with 
mathematicians, engi- 
neers. In engineering, in particular, rep- 


physicists, and 


resentatives of many fields and many 
types of institutions were contacted,! as 
well as officials of the American Society 
for Engineering Education. The Recom- 
mendations for Physicists were drawn up 
in close collaboration with the Commis- 
sion on College Physics. 

In considering the recommendations 
which follow, it is crucial to examine 
what has been our attitude towards cer- 
tain ideas which inevitably 
central position in any 
mathematical education. 
are mathematical 
mathematical rigor, motivation, and _in- 
tuition. Now it is a fact that mathemat- 
ical rigor—by which we mean an attempt 
to prove essentially everything that is 
used—is not the way of life of the phys- 


occupy a 
discussion of 
Among. these 
sophistication and 


icist and the engineer. On the other hand, 
mathematical sophistication — which 
means to us careful and clear mathe- 
matical statements, proofs of many things, 
and generally speaking a broad apprecia- 
tion of the mathematical blocks from 
which models are built—is desired by, 
and desirable for, all students preparing 
for a_ scientific career. How does one 
choose what is actually to be proved? It 
seems to us that this is related to the 
plausibility of the desired result. It is un- 
wise to give rigor to either the utterly 
plausible or the utterly implausible, the 
former because the student cannot see 
what the fuss is all about, and the latter 
because the most likely effect is rejection 
of mathematics. The moderately plausible 
and the moderately implausible are the 
middle ground where we may insist on 
rigor with the greatest profit; the great 
danger in the overzealous use of rigor is 
to employ it to verify only that which is 
utterly apparent. 


Let us turn next to the subject. of 


Some of the results of a conference with 
engineers are embodied in tour addresses 
delivered at a Conterence on the Engineer- 
ing Curriculum which was held under the 
auspices of this Panel in March, 1961. These 
addresses were published in the December, 
1961, (vol. 52, no. 3) issue of the JourNAI 
OF ENGINEERING EpuCATION, and copies may 
be obtained from the office of the Executive 
Director of CUPM 
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motivation. Motivation means different 
things to different people, and thus re- 
quires clarification. One aspect of motiva- 
tion is concerned with the difference be 
tween mathematics and the applications 
of mathematics, between a mathematical 
model and the real world. For many en- 
gineers and physicists, motivation of 
mathematical concepts can be supplied 
bv formulating real situations which lead 
to the construction of reasonable models 
that exhibit both the desirability and the 
usefulness of the mathematical concept. 
Thus, motion of a particle, or growth of 
a bacterial culture, may be used as phys- 
ical motivation for the notion of a deriva 
tive. It is also possible, of course, to give 
a mathematical motivation for a new 
mathematical concept; the geometric no 
tion of a tangent to a curve also leads to 
the notion of derivative, and is quite 
enough motivation to a mathematician 
Since both kinds of motivation are mean- 
ingful to a large group of 
feel that both should appear whenever 
relevant. It is certainly a matter of indi- 
vidual taste whether one or both motiva- 
tions should precede, or perhaps follow, 
the presentation of a mathematical topic. 


students, we 


In both cases, however, it is necessary 
to be very clear in distinguishing the mo 
tivating mathematical or physical situa 
tion from th resulting abstraction. 


Physical and mathematical examples 
which are used as motivation, as well as 
previous mathematical experience, help 
to provide intuition on the mathematical 
concept under consideration. By “intui- 
tion” we mean a process of guessing the 
mathematical properties and limitations 
of a mathematical abstraction by analogy 
with known properties of the mathemat- 
ical or physical objects which motivated 
this abstraction. Intuition should lead 
the way to rigor whenever possible; 
neither can be exchanged nor substituted 
for the other in the development of 
mathematics. 


A mathematics course for engineers 
and physicists must involve the full spec- 
trum from motivation and intuition to 
sophistication and rigor. While the rela 
tive emphasis on these various aspects 


will forever be a subject for debate, no 
mathematics course is a complete ex- 
perience if any of these is omitted. 


Introduction to Recommendations 


This report presents a program for the 
undergraduate mathematical training of 
engineers and physicists. 

Since obviously no single program of 
study can be the best one for all types 
of students, ali institutions, and all times, 
it is important that anyone expecting to 
make use of the present recommendations 
understand the assumptions underlying 
them. The following comments should 
make these assumptions clear, and also 
explain some other features of the rec- 
ommendations. 

1. This is a program for today, not for 
several years in the future. Programs 
somewhat like this are already being 
given at various places, and the sample 
courses we outline are patterned after 
existing ones. We assume a good but not 
unusual background for the entering 
freshman. 

Five or ten years from now the situa- 
tion will undoubtedly be different—in the 
high schools, in research, in engineering 
practice, and in such adjacent areas as 
automatic computation. Such differences 
will necessitate changes in the mathe- 
matics curriculum, but a good curriculum 
can never be static, and it is our belief 
that the present proposal can be continu- 
ally modified to keep up with develop- 
ments. However, the material encom- 
passed here will certainly continue to be 
an important part of the mathematical 
training needed by engineers and phys- 
icists. 


2. The programs we recommend may 


seem excessive in the light of what is 
now being done at many places, but it 
is our conviction that this is the minimal 
amount of mathematics appropriate for 
students who will be starting their ca- 
reers four or five vears from now. We rec- 
ognize that some institutions may simply 
be unable to introduce such a program 
very soon. We would hope that such 
places regard the program as something 
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to work toward. The members of the 
Panel are willing to be consulted on 
such matters and to give what advice 
they can as to a suitable modification of 
the basic program to fit special needs. 


3. Beyond the courses required of all 
students there must be available con- 
siderable flexibility to allow for variations 
in fields and in the quality of students. 
The advanced material whose availability 
we have recommended can be regarded 
as a main stem that may have branches 
at any point. Also, students may truncate 
the program at points appropriate to 
their interests and abilities. 


4. The order of presentation of topics 
in mathematics and some related courses 
is strongly influenced by two factors: 

a. The best possible treatment of cer- 
tain subjects in engineering and 
physics requires that they be pre- 
ceded by certain 
topics. 


mathematical 


b. Topics introduced in mathematics 
courses should be used in applica 
tions as soon afterwards as _pos- 
sible. 


To attain these ends, coordination 
among the mathematics, engineering, and 
physics faculties is necessary, and this 
may lead to course changes in all fields. 


5. The recommendations are of 
course the responsibility of CUPM. In 
cases where it seems of interest and is 
available, we have indicated the reaction 
of the groups of engineers and physicists 
who were consulted. For convenience we 
will refer to them as “the consultants.” 


List of Recommended Courses 


It is desirable that all calculus pre- 
requisites, including analytic geometry, 
be taught in high school. At present, it 
may be necessary to include some ana 
lytic geometry in the beginning analysis 
course, but all other deficiencies should 
be corrected on a noncredit basis. 

The following courses should be avail- 
able for undergraduate majors in engi- 
neering and physics: 


1. Beginning analysis (12 semester 
hours). As far as general content is con- 
cerned this is a relatively standard course 
in calculus and differential equations. 
There can be many variations of such a 
course in matters of rigor, motivation, ar- 
rangement of topics, etc., and textbooks 
have been and are being written from 
several different points of view. Beyond 
the specific items mentioned below we 
make no recommendations on these mat- 
ters. 

The course should contain the follow- 
ing topics: 

a. An intuitive introduction of four 
to six weeks to the basic notions of dif- 
ferentiation and integration. This serves 
the dual purpose of filling in the student's 
intuition for the more sophisticated treat- 
ment to come, and preparing for im- 
mediate applications to physics. 

b. Theory and technique of differen- 
tiation and integration of functions of 
one real variable, with applications 

c. Infinite series, including Taylor se- 
ries expansions. 

d. A brief introduction to differentia- 
tion and integration of functions of two 
or more real variables 


e. Topics in differential equations, in- 
cluding the following: linear differential 
equations with constant coefficients and 
first order systems—linear algebra (in 
cluding eigenvalue theory, see 2 below) 
should be used to treat both homoge- 
neous and nonhomogeneous problems; 
first order linear and nonlinear equations, 
with Picard’s method and an introduc- 
tion to numerical techniques 


f. Some attempt should be made to 
fill the gap between the high school al 
gebra of complex numbers and the use 
of complex exponentials in the solution 
of differential equations. In particular, 
some work on the calculus of complex 
valued functions of a real variable should 
be included in items b and ¢ 


g. Students should become familiar 
with vectors in two and three dimensions 
and with the differentiation of vector 
valued functions of one variable. This 
material can obviously be correlated with 
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the course in linear algebra (see below). 

h. Theory and simple techniques of 
numerical computation should be intro- 
duced where relevant. Further comments 
on this point, applying to the whole pro- 
gram, are made at the end of this list 
of courses. 

We feel that the above comments on 
beginning analysis describe sufficiently a 
familiar course. The remaining courses in 
our list are less generally familiar. Hence 
the brief descriptions of courses 2 through 
9 are supplemented in the Appendix by 
detailed outlines of sample courses of 
the kind we have in mind. 


2. Linear algebra (3 semester hours). 
A knowledge of the basic properties of 
n-dimensional vector spaces has become 
imperative for many applied fields as well 
as for progress in mathematics. Since 
this subject is so fundamental and since 
its development makes no use of the con 
cepts of calculus, it should appear very 
early in the student’s mathematical 
training. We recommend a course with 
strong emphasis on the geometrical inter 
pretation of vectors and matrices ‘and 
with applications to mathematics (see 
items I-e and I-g above), physics, and 
engineering. Topics should include the 
algebra and geometry of vector spaces, 
linear transformations and matrices, linea 
equations (including computational 
methods ), quadratic forms and symmetric 
matrices, and elementary eigenvalue 


theory. 


It may be desirable, for mathematical 
or scheduling purposes, to combine be 
ginning analysis and linear algebra into 
a single coordinated course to be com 


pleted in the sophomore year. 


‘ ) 


3. Probability and statistics (3 semeste1 
hours). Basic topics in probability theory, 
both discrete and continuous, as well as 
an introduction to statistics, are essential 
to the training of the modern engineer 
in everv branch of engineering. We rec 
ommend a course based on the notions of 
sample spaces and random variables, and 
including, inter alia, an introduction to 
limit theorems and_ stochastic processes, 


and to estimation and hypothesis testing 


Certain fields of engineering (e.g., elec- 
trical, industrial) may require an addi- 
tional three semester hours. 


4. Functions of several variables (3 se- 
mester hours). This course, continuing 
the material of item 1-d, covers the cal- 
culus of vector functions of one variable, 
of functions of several variables, and of 
vector fields, and concludes with a brief 
introduction to boundary value prob- 
lems. Examples from the physical world 
should be used whenever possible as mo- 
tivation and applications. 


5. Ordinary differential equations (3 se- 
mester hours). This intermediate course 
continues the work of item I-e into 
further topics important to applications, 
including linear equations with variable 
coefficients, boundary value problems, 
rudimentary existence theorems, asymp- 
totics, and an introduction to nonlinear 
problems. We recommend especially an 
interest in the qualitative behavior of so- 
lutions and numerical processes as well 
as in analytic techniques. 


6. Functions of a complex variable (3 
semester hours). This course presupposes 
somewhat more mathematical maturity 
than courses 4 and o and So would or- 
dinarily be taken after them, even though 
they are not prerequisites as far as sub- 
ject matter is concerned. In addition to 
the usual development of integrals and 
series, there should be material on multi- 
valued functions, contour integration, 
conformal mapping, and integral trans- 
torms. 

7. Partial differential equations (3  se- 
mester hours). Derivation, classification, 
and solution techniques of boundary 
value problems. 


8. Elements of real variable theory (3 se- 
mester hours). A rigorous treatment of 
basic topics in the theorv of functions of 
a real variable. 

9. Algebraic structures (3 semester 
hours). The theory of groups, rings, and 


fields. 


The development of high-speed com- 
puters has made it necessary for the ap- 
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pliers of mathematics to understand the 
path from mathematical theory through 
programing logic to numerical results. 
Planners of mathematics courses for en- 
gineers and physicists should be aware 
In particular, courses 1 
through 7 should contain, where suitable 
and applicable, mathematical topics mo- 
tivated by the desire to relate mathe- 
matical understanding to computation. 
It is especially desirable that the student 
see the possibility of significant advant- 
age in combining analytical insight with 
numerical work. Indications of such op- 
portunities are scattered throughout the 
course outlines in the Appendix. 


of this need. 


The above list of courses is the result 
of careful consideration by the Panel and 
the consultants. The brief description 
given here and the detailed sample 
courses in the Appendix are based rather 
strictly on the interests of engineers and 
physicists. We realize that the nature of 
the institution and the requirements of 
other users of mathematics as well as of 
the mathematics majors may 
the specific offerings. 


influence 


Recommended Program for Engineers 
A. Courses to be required of all students. 


1. Beginning analysis. This recom 
mendation needs no comments. 

2. Linear algebra. The great majority 
of the consultants felt that this is import- 
ant material that all engineers should 
have during the first two years. 


3. Probability and statistics. All stu- 
dents should have at least a 3-semester- 
hour course in probability and statistics 
A 6-semester-hour course should be avail- 
able for students with special interests 
The consultants agreed on the value of 
probabilityand statistics to an engineer, 
but there was considerable disagreement 
among the consultants as to the advis- 
ability of requiring them of all students. 
However, the members of our Panel are 
unanimously and strongly of the opinion 
that these subjects will soon pervade all 
branches of engineering and that now is 


the time to begin preparing students for 
this development. 


B. Courses recommended for students 
intending to go into :esearch and de- 
velopment. 


4. Functions of several variables. 
5. Ordinary differential equations. 
6. Functions of a complex variable. 


The consultants agreed to the value of 
this material, but some preferred that it 
be completed within the junior year. The 
Panel is convinced that an adequate pre 
sentation requires a minimum of nine se 
mester hours, which could, of course, be 
taken in one year if desired. The order 
in which courses B-4 and B-5 are taken 
is immaterial, except as they may be co- 
ordinated with other courses. If they are 
to be presented to the students in a 
fixed order, one may wish to take advant- 
age of this by some adjustment of the 
time schedules and choice of topics 
C. Courses which should be available 
for theoretically minded students capable 
of extended graduate study. 


7. Partial differential equations. 


8. Elements of real variable theory. 


D. There was considerable discussion of 
the complex of problems involving the 
design of systems. Such problems concern 
the achievement of desired performance 
at minimum cost, maximum reliability, 
etc. The special mathematical topics ap 
propriate to this field are linear and dy 
namic programing, 


game theorv, and 


calculus of variations. There is at present 
much doubt as to the desirability of 
these topics at the undergraduate level, 
and we make no recommendation con- 


cerning them. 


E. The computing area also received 
much discussion. The Committee and the 
consultants agreed that the computational 
implications associated with the various 
mathematical topics are best integrated 
in courses in these topics. We therefore 
make no recommendation fot 
course in the computational area 
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Recommended Program for Physicists 
A. Courses to be required of all students. 

1. Beginning analysis. 

2. Linear algebra. Like the engineers, 
the physicists felt that this material is 
essential. 

4. Functions of several variables. This 
should be taken in the sophomore year 
if possible, and in any event no later 
than the first part of the junior year. 


5. Ordinary differential equations. 


B. Additional courses, in order of pref- 
erence. Students contemplating graduate 
work should be required to take a mini- 
mum of three to nine semester hours of 


these courses. 


3. Probability and statistics. The value 
of requiring this course in the under 


RECOMMENDATIONS ON MATHEMATICS PROGRAM 723 


graduate training of all physicists is not 
as well established as it is for engineers. 
6. Functions of a complex variable. 
8. Elements of real variable theory. 
9. Algebraic structures. A _ student 
would ordinarily take only one of these 
last two courses, but the consultants were 
strong in the belief that a good physicist 
should have at least one course in ab- 
stract mathematics to see how a mathe- 
matician thinks and to experience the 
limitations of nonrigorous reasoning. 


7. Partial differential equations. 


C. The undergraduate physicist has less 
concern with computing techniques than 
does the engineer. The same general 
principle holds, however, that the compu- 
tational viewpoint should appear in 
mathematics courses wherever appropri- 
ate 


APPENDIX 


Description of Recommended Courses 


While we feel strongly about the spirit 
of the courses here outlined, the specific 
embodiments are to be considered pri 
marily as samples. Courses close to these 
have been taught successfully at ap- 
propriate levels, and our time schedules 
are based on this experience 


Some of these courses are sufficiently 
common that approximations to com 
plete texts already exist; others have ap 
peared only in lecture form. In general, 
the references which accompany an out 
line are not intended as texts for the 
course but as indications of possible 
sources of material to be moulded into 
the course 


2. Linear algebra (3 semester hours). 
The purpose of this course is to develop 
the algebra and geometry of finite-di 
mensional linear vector spaces and their 
linear transformations, the algebra of 
matrices, and the theory of eigenvalues 


and eigenvectors. 


a. Content 
1). Finite-dimensional vector spaces 
(5 lectures). Motivation and 
definition of such spaces over the 
real numbers. Dependence and 
independence, subspaces, dimen- 
sion, and bases. 

2). Linear transformations and mat- 
rices (7 lectures). Linear trans- 
formations on a vector space 
and definition of a matrix. 
Change of basis and its relation 
to the algebra of matrices. Rank 
of a transformation and of a 
matrix. 

3). Linear equations (12 lectures 
Systems of linear equations and 
related vector spaces. Determi- 
nants, minors, and the rank of a 
system. Adjoints and elementary 
transformations with application 
to the inverse of a matrix. Com 
putational technique for inverses. 


1). Quadratic forms (8 lectures 


The notions of inner product and 





(6). 
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(6). 
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length, and their relation to 
bases. Orthogonal projection, the 
Gram-Schmidt process and _ its 
geometric interpretation. Quad- 
ratic forms and the effect of 
change of basis. Reduction to 
diagonal form. Positive definite 
forms and their geometric inter- 
pretation. 

Eigenvalues and eigenvectors (7 
lectures). Definition and char- 
acteristic polynomials. Relation 
to diagonalization of quadratic 
forms. Applications to numerical 
techniques, including the compu- 
tation of eigenvalues and eigen- 
vectors, particularly for sym- 
metric matrices. 

Vector spaces over the complex 
numbers (3 lectures). Similari- 
ties to and differences from the 
real case. Inner product and or- 
thogonality. Hermitian 
and their eigenvalues. 


forms, 


rences 
Finkbeiner, D. T. Introduction 
to Matrices and Linear Trans- 
formations. San 
H. Freeman and Company, 1960. 
Hohn, F. E. Elementary Matrix 
Algebra. New York: The Mac 
millan Company, 1957. 

Murdoch, D. C. Linear Algebra 
for Undergraduates. New York: 
John Wiley and Sons. Inc., 1957. 
Paige, L. J. and J. D. Swift, Ele- 
ments of Linear Algebra. Bos- 
ton: Ginn and Company, 1961. 


Francisco: W. 


). Thrall, R. M. and L. Tornheim, 


Vector Spaces and Matrices. 
New York: John Wiley and Sons, 


Inc., 1957. 


Faddeeva, V. N. Computational 


Methods of Linear Algebra. New 
York: Dover Publications, Inc., 
1959. (For numerical methods). 
Householder, A. S. Principles of 
Numerical Analysis. New York: 
McGraw-Hill Book 
Inc., 1953. (For 
methods ). 


Company, 
numerical 
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3. Probability and statistics (3 semester 
hours). 


Item 3-a-(1) is first covered in the 
discrete case and then the process is re- 
peated for the continuous case. 
procedure has two advantages: first, the 
basic concepts and facts are introduced in 
the discrete the 
difficulties are least; second the contin- 
uous case in many instances merely in- 
volves reinterpreting 
proots in terms of integrals rather than 
sums, thus providing the student with a 
welcome review of the basic ideas. 


This 


case where technical 


statements and 


Item 3-b-(2) emphasizes the nature of 
thinking in statistical inference. 


a. Content 


(1). Probability theory (discrete 


lectures; continuous 


Sample space 


case, 17 
case, 9 lectures ) 
event, random variable, function 
of a random variable. Probability, 
expectation, variance, moments, 
Chebychev’s inequality. Joint 
distributions, transformations of 
joint densities, conditional proba 
bilities, Bayes’ theorem, inde 
pendence. Bernoulli trials, com 
binatorics, binomial distribution 
Normal law, introduction to the 
law 


central 


of large numbers and the 
limit 
distribution, elementary 


Poisson 


Markov 


theorem, 


chains. 


bo 


Introduction to statistical infet 
ence (13 lectures). The formula 
tion of statistical problems and 
the rationale behind the choice 
An in 


and 


of statistical procedures. 
troduction to estimation 
sampling, with point and interval 
estimation. Elementary hypo 
thesis testing, power of a test 
Regression, a few examples of 


nonparametric methods 


b. References for Probability 
(1). Cramer, H. The Elements of 
Probability Theory. New York: 
John Wiley and Sons, Ine., 1955 
(2). Derman, C. and M. Klein, Prob- 
ability and Statistical Inference 
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for Engineers. New York: Ox- 
ford University Press, 1959. 

(3). Feller, W. Probability Theory 
and Its Applications. New York: 
John Wiley and Sons, Inc., 1950. 

(4). Parzen, E. Modern Probability 
Theory and Its Applications. 
New York: John Wiley and Sons, 
Inc., 1960. 


c. References for Statistics 
(1). Bowker, A. and G. Lieberman, 
Engineering Statistics. Engle- 
wood Cliffs, New Jersey: Pren- 
tice-Hall, Inc., 1959. 

2). Brownlee, K. A. Statistical The- 
ory and Methodology in Science 
and Engineering. New York: 
John Wiley and Sons, Inc., 1960. 

(3). Brunk, H. D. An Introduction to 

Mathematical Statistics. Boston: 
Ginn and Company, 1960. 


(4). Hoel, P. G. Introduction to 
Mathematical Statistics. New 
York: John Wiley and Sons, Inc., 


1954, second edition. 


5). Lindgren, B. and G. McElrath, 
Introduction to Probability and 
Statistics. New York: The Mac- 
millan Company, 1959 


4. Functions of several variables (3 se 
mester hours). This course is appropriate 
for students who have completed the 
course in beginning analysis. Through 
out this material it is important to moti 
vate the introduction of topics using 
“real world” questions (mechanics ordi- 
narily seems to be the source which in 
duces the minimum student discomfort) ; 
the mathematical topic should then be 
treated as such without recourse to the 
physics; finally, the exploitation and im 
plications of the mathematical develop 
ment should be copiously illustrated by 
“in-class” and homework examples. 


° 


rhe asterisk (°) denotes items where 
physical motivation for the introduction 
of the topic is most important. 


The time allotted here in the early sec- 
tions to any topics already covered in the 
beginning analysis course can be used to 


advantage in item a(5). 


RECOMMENDATIONS ON MATHEMATICS PROGRAM 


Cry. 


~l 
bo 
Ut 


a. Content 


Algebra and calculus of vector 
functions of a single variable (4 
lectures). Addition, subtraction, 
and multiplication by a scalar. 
Scalar and vector products; triple 
products; vector identities. In- 
troduction to index notation, 0j; 
and e;;. Vector calculus of a 
single variable®; particle moving 
on a space curve. Illustrations 
(largely from dynamics). 


Differential calculus of func- 
tions of several variables (9 lec- 
tures). Limits, continuity, and 
partial differentiation. Total dif- 
ferential; differential of functions 
of functions. Implicit functions 
and Jacobians; Jacobian of coor- 
dinate transformations. Direc- 
tional derivative. Taylor series 
expansions in many variables. 
Maxima and minima of a func- 
tion of two variables. Positive 
definite forms and maxima and 
minima of a function of many 
variables. Functional depend- 
ence. Lagrange multipliers. 


Integral calculus of function of 
several variables (5 lectures). 
Derivative of a definite integral. 
Line, surface, and volume inte- 
grals. Change of variables in 
volume and surface integrals. 


. The differential and integral cal- 


culus of vector fields (12 lec- 
tures). Vector and scalar fields.° 
Eulerian and Langrangian de- 
scriptions;® invariant (integral) 
definitions® of divergence, gradi- 
ent and curl. Reduction to deriv- 
ative forms for particular coordi- 
nate systems. Green’s theorem, 
divergence theorem, Stokes’ the- 
orem, and examples of their use. 
Line integrals independent of 
path; potential and _ irrotational 
fields; vector and scalar poten- 
tials.° Many examples to pro- 
vide both manipulative skill and 
understanding. 
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(5). Introduction to potential theory 
(9 lectures). The introduction 
of boundary value problems of 
partial differential equations 
properly derived,* in connection 
with scientific problems using 
the foregoing material. The use 
of potentials in the solution of 
rudimentary problems. Cursory 
introduction of Green’s functions. 


b. References 

(1). Davis, H. F. Introduction to Vec- 
tor Analysis. Boston: Allyn and 
Bacon, Inc., 1961. 

2). Hildebrand, F. B. Advanced 
Calculus for Engineers. Engle- 
wood Cliffs, N. J.: Prentice-Hall, 
Inc., 1949. 

3). Kaplan, W. Advanced Calculus. 
Reading, Mass.: Addison-Wesley 
Press, Inc., 1952. 


(4). Lass, H. Vector and Tensor 
Analysis. New York: McGraw- 
Hill Book Company, Inc., 1950. 

(5). Margenau, H. and G. M. Mur- 
phy. The Mathematics of Physics 
and Chemistry. New York: D. 
Van Nostrand Company, Inc., 
1956, second edition. 

6). Reddick, H. W. and F. H. Miller. 


Advanced Mathematics for En- 
gineers. New York: John Wiley 
and Sons, Inc., 1955, third edi- 


tion. 


7). Sokolnikoff, I. S. and R. M. Red 
heffer. The Mathematics of 
Physics and Modern Engineer- 
ing. New York: McGraw-Hill 
Book Company, Inc., 1958. 


5. Ordinary differential equations (3 se- 
mester hours). This course is appropri 
ate for students who have completed the 
integral and differential calculus (con 
taining infinite series and an introduction 
to first order differential equations). The 
presentation of the following material 
should include: (1) a clear account of 
the manner in which ordinary differential! 
equations (ODE’s) and their boundary 
value problems, both linear and non 


linear, arise; (2) a carefully reasoned 
discussion of the qualitative behavior of 
the solution of such problems, sometimes 
on a predictive basis and at other times 
in a posteriori manner; (3) a clearly de- 
scribed awareness of the role of numeri- 
cal processes in the treatment of these 
problems, including the disadvantages as 
well as the advantages; in particular, 
there should be a firm emphasis on the 
fact that numerical integration is not a 
substitute for thought; (4) 
mission that we devote most of our lec- 


a clear ad- 


ture time to linear problems because 
(with isolated exceptions) we don’t know 
much about any nonlinear ones except 
those that (precisely or approximately 
can be attacked through our understand 
ing of the linear ones. Thus, a thorough 
treatment of the linear problems must 
a sophisticated attack on the 
tough ones. 


precede 


The distribution of time among items 
a-(4) through a-(7) cannot be prescribed 
easily or with universal acceptability 
Only a superficial account of these topics 
can be given in the available time but 
each should be introduced 


a. Content 


1). Systems of linear ODE’s with 

constant coefficients (10 lec 
tures ).-Homogeneous and non 
homogeneous problems; eigen 
values and eigenfunctions; ortho 
gonality and Fourier (trigono 
metric ) 


transform as a carefully devel 


representation. Laplace 


oped operational technique with 
out inversion integrals. Empha 
sis On superposition and its de 
pendence on linearity. Transients 
in mechanical and electrical svs 


tems. 


2). Linear ODE’s with variable co 
efficients (tO lectures). Singular 
points, about 


series solutions 


regular points and about singu 


Depending on the coverage of the cal 
culus course, this might be an over-estimate 
If so, this time may be used to advantage 
on items a(4)-a(7). 
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), Asymptotic 


lar points. Bessel’s equation and 
Bessel Legendre’s 
equation and Legendre polyno- 
mials; confluent hypergeomet 
ric functions; Wronskians, lineat 


functions; 


independence, number of linear- 
ly independent solutions of an 
ODE; Sturm-Liouville 


and eigenfunction expansions 


theory 


Solution of nonhomogeneous lin- 
ear ODE boundary value prob 
Methods us 
; fune- 


lems (7 lectures) 
ing Wronskians, 


tions (introduce 0 function), and 


Greens 


expansions. Nu 
merical methods. Rudimentary 


existence and uniqueness ques 


eigenfunction 


tions. 


expansion and 
asymptotic behavior of solutions 
of ODE’s (3 lectures). See pp 
168-470 and pp. 488-495 of Jef- 
freys and Jeffreys. 


Expansions in a parameter (in- 
troduction to perturbation the- 
(2 Stimulate 
awareness of special character of 
singular perturbations. 


ory ) lectures 


Introduction to nonlinear ODE’s 
(6 lectures). Special nonlinear 
equations which are reducible to 
linear ones or to quadratures, el 
liptic functions (pendulum oscil- 
lations); introductory phase 
plane analysis (Poincaré). Nu 


merical methods and pitfalls! 


Separation of variables (4 lec- 


tures). Cursory introduction of 
partial differential equations and 


their solution by product series 


References 


l 


? 
>) 


Hildebrand, F. B. Advanced 
Calculus for Engineers. Engle- 
wood Cliffs, N. J.: Prentice-Hall, 
Inc., 1949. 

Ince, E. L. Ordinary Differen- 
tial Equations. New York: Do 
ver Publications, Inc., 1956. 


Jeffreys, H. and B. S. Jeffreys 


Methods of Mathematical Phys- 


(6). 


. Kaplan, W. 
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ics. New York: Cambridge Uni- 
versity Press, 1956. 

Ordinary Differen- 
tial Equations. Reading, Massa- 
chusetts: Addison-Wesley Press, 
Inc., 1958. 

Lass, H. The Elements of Pure 
and Applied Mathematics. New 
York: McGraw-Hill Book Com- 
pany, Inc., 1957. 

Margenau, H. and G. M. Mur- 
phy. The Mathematics of Phys- 
ics and Chemistry. New York: 
D. Van Nostrand Company, Inc., 
1956, second edition. 

Reddick, H. W. and F. H. Miller. 
Advanced Mathematics for Engi- 
neers. New York: John Wiley 
and Sons, Inc., 1955, third edi- 
tion. 


. Sokolnikoff, I. S. and R. M. Red- 


heffer. The Mathematics of 
Physics and Modern Engineer- 
ing. New York: McGraw-Hill 
Book Company, Inc., 1958. 


6. Functions of a complex variable (3 
semester hours). This course is suitable 
for students who have completed work 
at the vector analysis and ordinary differ- 


ential equation level. 


The development 


of skills in this area is very important in 
the sciences, and the course must exhibit 
many examples which illustrate the in- 
fluence of singularities and which require 
varieties of technique for finding con- 
formal maps, for evaluating contour in- 
tegrals (especially those with multival- 
ued integrands), and for using integral 
transforms. 


a. Content 


? 
3) 


Introduction (4 lectures). The 
algebra and geometry of com- 
plex numbers. Definitions and 
properties of elementary func- 
tions, e.g., e*, sin 


z, log z, 2°. 


Analytic functions (2 lectures) 
Limits, derivative, Cauchy-Rie- 
mann equations. 

Inte- 


Integration (6 lectures). 





~l 


Ut 


(6). 


(10) 
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grals, functions defined by inte- 
grals. Cauchy's theorem and 
formula, integral representation 
of derivatives of all orders. 
Maximum modulus, Liouville’s 
theorem, fundamental theorem of 
algebra. 

Series (5 lectures). Taylor and 
Laurent Uniform 
vergence, term-by-term differen- 
tiation, uniform convergence in 
Domain of converg 


series. con- 


general. 
ence and classification of singu- 
larities. 

Contour integration (3 lectures 
The theorem. Evalua- 
tion of integrals involving single- 


residue 


valued functions. 


Analytic continuation and multi- 
valued functions (6 
Analytic continuation, multival- 
ued functions and branch points. 
Technique for contour integrals 


lectures 


involving multivalued functions. 


Conformal mapping (6 lec- 
tures). Conformal mapping. 
Bilinear and Schwarz-Christof- 


fel transformations, use of map- 
ping in contour integral evalua- 
Some mention should be 
made of the 
mapping theorem. 


tion. 


general Riemann 


Asymptotic evaluation of inte- 
grals (3 lectures). The methods 
of steepest descent and station 
ary phase. This is a good place to 
develop a detailed picture of the 
properties of some of the special 
functions (e.g., Bessel and gam 
ma functions). 


Boundary value problems (3 le« 


tures). Laplace’s equation in 
two dimensions and the solution 
of some of its boundary value 
problems, using conformal map- 


ping. 


Integral transforms (7 lectures 
The Fourier and Laplace trans- 
forms, their inversion identities, 
and their use in boundary value 
problems. 
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b. References for Function Theory 

(1). Copson, E. T. Theory of Fune- 
tions of a Complex Variable. 
New York: Oxford University 
Press, 1960. 

(2). Knopp, K. Theory of Functions. 
New York: Dover Publications. 
Inc., 1945. 

(3). Nehari, Z. Introduction to Com- 
plex Analysis. Boston: Allyn and 
Bacon, ine., 1961. 

c. References for Conformal Mapping 
Nehari Z. Conformal Mapping. New 
York: McGraw-Hill Book Company, 
Inc., 1952. 

d. References for Contour Integration 
1). MacRobert, T. M. Functions of 

a Complex Variable. London: 
The Macmillan Company, 1933. 

2). Whittaker, E. T. and G. N. Wat- 
son. A Course of Modern An- 
alysis. New York: Cambridge 
University Press, 1958. 

e. References for Integral Transforms 
Sneddon, I. N. Fourier Transforms. 
New York: McGraw-Hill Book Com- 
pany, Inc., 1951. 

f. References for Steepest Descent 
1). DeBruijn, N. G. Asymptotic 

Methods in Analysis. Amster 
dam: North-Holland Publishing 
Company, 1958 

Jeffreys, H. and B. S. Jettreys 
Methods of Mathematical Phys- 
ics. New York: Cambridge Uni 
versity Press, 1956 

3). Morse, P. M. and H. Feshbach. 
Methods of Theoretical Physics. 
New York McGraw-Hill Book 
Company, Inc., 1953 

7. Partial differential equations (3. s 

mester hours). This course is suitable for 

students who have: completed a course 
in functions of a complex variable. The 


emphasis is on the development and so 


lution of suitable mathematical formula 


tions of 


scientific problems. Problems 


should be selected to emphasize the role 


ot 


and 


“time-like” and “space-like” coordinates 


their relationshin to the classifica 
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tion of differential equations. (It seems 
very useful to introduce the appropriate 
boundary conditions motivated by the 
physical questions and be led to the 
classification question by observing the 
properties of the solution.) The student 
should be led to recognize how few tech- 
niques we have and how special the 
equations and domains must be if explicit 
and exact solutions are to be obtained; 
he particularly must come to realize that 
the effective use of mathematics in sci- 
ence depends critically on the research 
er's ability to select those questions which 
both fill the scientific need and admit ef 
ficient mathematical treatment. To ac- 
complish this, one frequently should in- 
troduce a realistic question from which 
he must retreat to a related tractable 
problem whose interpretation is inform- 
ative in the context of the original ques 
tion. 


a. Content 


(1). Derivation of equations (6 lec- 
tures). The derivation of mathe 
matical models associated with 
many scientific problems, e. g., 
heat conduction in a moving me 
dium, the flow of a fluid in a por 
ous medium, the diffusion of a 
solute in moving fluids, the dy 
namics of elastic structures, neu 
tron diffusion, radiative transfer 
surface waves in liquids. 


(2). Eigenfunction expansions (5 le« 


tures Eigenfunction expan 
sions (in both the finite and in 


finite domains) via Titchmarsh 


(3). Separation of variables (7 le« 
tures). The product series solu 
tions of partial differential equa 
tion boundary value problems 

Integral transtorms such as the 


Mellin and 


Hankel transforms and their use 


Laplace, Fourier, 


Copious — illustration of these 
techniques, using elliptic, para 
bolic, and hyperbolic problems 
partial differential 
lectures The 
classification of partial differen- 


(4). Types ot 


equations (5 
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tial equations, characteristics; 
appropriate boundary conditions. 
Domains of influence and de- 
pendence in hyperbolic and par- 
abolic problems. The use of char- 
acteristics as “independent” co- 
ordinates. 

Numerical methods (4 lectures). 
Relaxation and other iterative 
methods; the method of charac- 
teristics. 


). Green’s function and Riemann’s 


function(9 lectures). Their de- 
termination and use in solving 
boundary value problems. Their 
use in converting partial differ- 
ential equation boundary value 
problems into integral equation 
problems. 
Similarity solutions (3 lectures). 
Expansions in a parameter (3 
lectures). Perturbation methods 
in both linear and_ nonlinear 
problems. 


b. References 


(1). Titchmarsh, E. C. 


Y 


Jt 


Eigenfunc- 
tion Expansions Associated with 
Second Order Differential Equa- 
New York: Oxford Uni- 
versity Press, 1958. 

Sneddon, I. N. The Fourier 
Transform. New York: McGraw- 
Hill Book Company, Inc., 1951. 
Van der Pol, B. and H. Brem- 
mer. Operational Calculus. New 
York: University 
Press, 1955, second edition. 
Sommerfeld, A. Partial Differ- 
ential Equations in Physics. New 
York: Academic Press, Inc., 
1949. 

Courant, R. and K. O. Fried- 
richs. Supersonic Flow and 
Shock Waves. New York: Inter- 


science Publishers, Inc., 1948. 


tions. 


Cambridge 


Hadamard, J. S. Propagation des 
Ondes et les Equations de L’hy- 
drodynamique. New York: Chel- 
sea Publishing Company, 1949. 


Sedov, L. I. Similarity and Di- 
mensional Methods in Mechan- 








730 JOURNAL OF ENGINEERING EDUCATION 


ics. New York: Academic Press, 
Inc., 1959. 


8. Elements of real variable theory (3 
semester hours). This is intended as a 
course for students interested in theoreti 
cal problems. The basic concepts of 
mathematical analysis are to be treated 
in a rigorous manner. The first steps to 
ward mastering sophisticated mathemati- 
cal proofs are taken in such a course 
While there is no particular emphasis on 
the applications, the type of reasoning 
that takes place in a real variable course 
is useful to the theoretically minded en 
gineer and _ physicist. 


a. Content® 


(1). Real numbers (8 to 10 lectures 
Rational, irrational, 
dental numbers. Dedekind cuts, 


transcen 


nondenumerability. 

(2). Set theory (6 to 8 lectures). Op 
erations with sets, cardinals, o1 
dinals, well-ordering. 

(3). Spaces (6 to 8 lectures). Haus 
dorff and metric spaces. Axio 
matics, neighborhoods, limits 

(4). Functions (8 to 10 lectures). 
Limits, continuity, semicontinu 
ity, sequences of functions. 

(5). Either (a) Jordan content and 
Riemann integral (9 lectures), o1 
(b) Lebesgue measure and Le- 
besgue integral (17 lectures). 


b. References 
(1). Apostol, T. Mathematical Anal- 
ysis. Reading, 
Addison - Wesley 
Company, Inc., 1957. 
(2). Buck, R. C. Advanced Calculus 
New York: McGraw-Hill Book 


Company, Inc., 1956 


Massachusetts: 
Publishing 


(3). Graves, L. M. Theory of Func 
tions of Real Variables. New 
York: McGraw-Hill Book Com 


pany, Inc., 1956, second edition 


In items (1) through (4) the larger num 
ber is used if item (5)(a) is taken up, while 
the smaller number is used if item (5)(b) 
is treated 
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(4). Hausdorff, F. Set Theory. New 
York: Chelsea Publishing Com- 


pany, 1957. 


(5). Hobson, E. Theory of Fune- 
tions of Real Variables. New 
York: Dover Publishers, Ince.. 


1957. 


(6). Landau, E. Foundations of An- 
alysis, 2 Volumes. New York: 
Publishing 


Chelsea Company, 


1953. 


7). Olmsted, J. M. H. Intermediate 
Analysis. New York: Appleton 
Century-Crofts, 1956 


9. Algebraic — structures 3 semester 


hours). This course is intended to intro 


duce the basic algebraic structures, 
groups, rings, integral domains, fields and 
boolean algebras, with emphasis on the 
operations underlying the structure. Em 
phasis 1S placed on the concept of re 
stricted algebraic operations and the ef 
fect of various restrictions on the result 
ing structures. A prerequisite course that 
includes real vecto! spaces, linear trans 
formations, and their representation by 
matrices, is assumed. It is then possible 
to use modules as the basic illustrative 


and unifying concept. 


a. Content 


] Algebraic laws and structures (9 

lectures Internal and external 
operations subjected to the 
standard restrictions (associatis 
itv, commutativity, etc moti 
vated by and illustrated in terms, 
of vector spaces and matrix alge 
bra. Preliminary introduction: 
(or review) of groups and mod 
ules in terms of the illustrating 
examples. Substructures moti 
vated by subspaces and by the 
unitary and orthogonal = sub 
groups of real nonsingular mat 


rices. 


Y 


Z Mapping (9 lectures Isomot 
phism, automorphism, and homo 
morphism introduced by linear 


transformations on real vector 
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spaces. Cosets and factor groups Finite groups. Two dimensional 
to include introduction to resi- crystallographic groups. 
due classes of integers in module (5). Fields and integral domains (6 
rather than ring terms. Normal lectures). Quotient fields. Fac- 
subgroups and the fundamental torization. Algebraic extension. 
theorem of homomorphism. Finite fields. Geometric appli- 

(3). Systems of double composition cations to include coordinatiza- 
(12 lectures). Rings introduced tion of projective spaces. 
in terms of matrices and of inte- } ; ' 
A ». References 
gers. Integral domains. Poly- 
nomial rings. Rings as self-mod- (1). Birkhoff, G. and S. MacLane. A 
ules and the extension of the Survey of Modern Algebra. New 
homomorphism theorem. Ideals. York: The Macmillan Company, 
Residue class rings of integers 1953. 
introducing abstract fields for 2). Beaumont, R. A. and R. W. Ball. 
prime moduli. (Some knowledge Introduction to Modern Algebra 
of field structure assumed from and Matrix Theory. New York: 
vector space course.) Matrix al Holt, Rinehart and Winston, Inc., 
gebras. Boolean algebras. 1960. 
+). Groups (6 lectures). Transtor- 3). van der Waerden, B. L. Mod- 
mation groups and the basic ern Algebra, Volume 1. New 
equivalence or representation York: Frederick Ungar Publish- 
theorem. Permutation groups. ing Company, 1950. 


ELECTRONIC COMPUTATION CONFERENCE 


Che Third Structural Division Conference on Electronic Computation will be held 
June 20-21, 1963, at the University of Colorado. The conference is sponsored by the 
Structural Division Committee on Electronic Computation and the Colorado Section 
of ASCE. 

Prospective authors are invited to submit papers and are requested to fill out and 
mail the attached coupon at once. To be eligible for consideration, abstracts of papers 
must be received before August 31, 1962. Complete manuscripts will be due January 
15, 1963. Papers presented at the conference will be published in a special edition 
of the Journal of the Structural Division of ASCE. Authors will be notified regarding 
selection by March 31, 1963 


Abstracts and manuscripts should be sent to the Vice-Chairman of the Program 
Committee. Professor Lucien A. Schmit, Case Institute of Technology, University 
Circle, Cleveland 6, Ohio 

General inquiries regarding the conference should be addressed to the Secretary 
of the Committee on Electronic Computation, Jackson L. Durkee, Bethlehem Steel 
Company, Fabricated Steel Construction Bethlehem, Pennsvlvania 
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SEVENTH MEETING OF UPADI 


UPADI, the Pan-American Association of Engineers, will hold its seventh 
biennial meeting at San Juan, Puerto Rico, during the week of August 26-September 1, 
1962. The program will consist of meetings of various technical commissions and 
round table discussions. The themes for the round table discussions are 


1. The place of the engineer in the planning of projects financed by inter- 
national institutions of credit. 

2. Standards. 

3. Engineering education. 

The discussion on engineering education will be a comparative study of the 
educational system in each country, with emphasis on secondary school preparation, 
selection of engineering students, curricula, degrees, non-technical subjects, and 
©xaminations. 

A one-day visit to the radar station in Arecibo, the nuclear power plant in Rincon, 
and the School of Agriculture and Mechanical Arts at Mayaguez is planned. There 
also will be a special program for the ladies. The concluding event will be a recep- 
tion and ball. 


No information regarding headquarters, housing, reservations, etc. is yet avail- 
able. EJC represents the U.S. on UPADI, and Dr. R. A. Morgen is responsible for 
the planning of the round table discussion of engineering education 
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